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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention is related to lithography 
systems and, more particularly, to reducing relative mo- 
tion between components of a lithography tool. 

Related Art 

[0002] In the fabrication of integrated circuits, litho- 
graphic and projection printing techniques are used. Li- 
thography is a process used to create features on the 
surface of substrates. Such substrates can include 
those used in the manufacture of flat panel displays, cir- 
cuit boards, various integrated circuits, and the like. A 
frequently used substrate for such applications is a sem- 
iconductor wafer. During lithography, exposure optics 
located within a lithography apparatus project an image 
in a reticle onto the surface of a semiconductor wafer. 
The wafer is disposed on a wafer stage. The projected 
image produces changes in the characteristics of a layer 
of the wafer. For instance, a photoresist layer deposited 
on the surface of the wafer is etched with a pattern dur- 
ing the process. 

[0003] Step-and-scan lithography techniques may be 
used to expose a wafer. Rather than expose the entire 
wafer at one time, individual fields are scanned onto the 
wafer, one at a time. This is done by moving the wafer 
and reticle simultaneously such that an imaging slot is 
moved across each field during the scan. The wafer 
stage is stepped between field exposures to allow mul- 
tiple copies of the reticle pattern to be exposed over the 
wafer surface. 

[0004] As described above, components are required 
to move in step-and-scan lithography systems. Acceler- 
ation of system components during their movement can 
cause a reaction load or reaction movement in compo- 
nents of the system being moved against, and in the 
support structure. Reaction movements or reaction 
loads lead to relative motion between critical compo- 
nents, which leads to reduced operational precision for 
the lithography system. Hence, what is needed is a 
method, system, and apparatus for reducing reaction 
loads, and relative motion among lithography system 
components. 

Summary of the Invention 

[0005] The present invention is directed towards an 
apparatus, system, and method for configuring a lithog- 
raphy tool with a dual isolation system. In one aspect, 
an isolated base frame is supported by a non-isolated 
tool structure. A wafer stage component is supported by 
the isolated base frame. The wafer stage component 
provides a mountfor attachment of a semiconductor wa- 



fer. A reticle stage component is supported by the iso- 
lated base frame. The reticle stage component provides 
a mount for a reticle. An isolated bridge provides a 
mount for a projection optics. The isolated bridge is sup- 

5 ported by the isolated base frame. Radiation from an 
illumination source passes through a reticle mounted at 
the provided reticle mount to a surface of an attached 
semiconductor wafer. A pattern of a mounted reticle is 
transferred to a surface of an attached semiconductor 

10 wafer. 

[0006] In another aspect, an isolated bridge provides 
a mount for a projection optics. The isolated bridge is 
supported by a non-isolated base frame. A wafer stage 
component is supported by the non-isolated base 
15 frame. The wafer stage component provides a mount 
for attachment of a semiconductor wafer. A reticle stage 
component is supported by the non-isolated base 
frame. The reticle stage component provides a mount 
for a reticle. An isolated optical relay is supported by the 
20 non-isolated base frame. The isolated optical relay in- 
cludes at least one servo controlled framing blade. The 
one or more servo controlled framing blades are config- 
ured such that radiation from an illumination source 
would be framed and imaged onto a reticle mounted at 
25 the provided reticle mount. The radiation would pass 
through the reticle plane to a surface of an attached 
semiconductor wafer. A pattern of a mounted reticle 
would be transferred to an attached semiconductor wa- 
fer surface. 

30 [0007] Further aspects of the present invention, and 
further features and benefits thereof, are described be- 
low. The accompanying drawings : which are incorporat- 
ed herein and form a part of the specification, illustrate 
the present invention and, together with the description, 
35 further serve to explain the principles of the invention 
and to enable a person skilled in the pertinent art to 
make and use the invention. 

Brief Description of the Figures 

40 

[0008] In the drawings, like reference numbers indi- 
cate identical or functionally similar elements. Addition- 
ally, the left-most digit(s) of a reference number identi- 
fies the drawing in which the reference number first ap- 
45 pears. 

[0009] FIGS. 1A and 1B respectively illustrate side 
and front views of a lithographic tool apparatus 1 00. 
[0010] FIG. 2 shows an exemplary control system 
block diagram related to the lithographic tool apparatus 
50 of FIGS. 1 A and 1 B, according to an embodiment of the 
present invention. 

[0011] FIG. 3A illustrates an exemplary pneumatic 
isolator. 

[0012] FIG. 3B illustrates two views of an exemplary 
55 relative position sensor. 

[0013] FIG. 3C illustrates two views of an exemplary 
Lorentz actuator. 

[001 4] FIG. 4 illustrates an exemplary structural block 
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diagram of a lithography tool with dual isolation system, 
according to an embodiment of the present invention. 
[0015] FIGS. 5A and 5B respectively illustrate side 
and front views of a lithographic tool apparatus, accord- 
ing to an embodiment of the present invention. 
[0016] FIG. 6 shows an exemplary control system 
block diagram related to the lithographic tool apparatus 
of FIGS. 5A and 5B, according to an embodiment of the 
present invention. 

[0017] FIGS. 7 A and 7B respectively illustrate side 
and front views of a lithography tool with dual isolation 
system, according to an embodiment of the present in- 
vention. 

[001 8] FIG. 8 shows an example control system block 
diagram related to a lithography tool with dual isolation 
system, according to an embodiment of the present in- 
vention. 

[0019] FIG. 9 illustrates relevant portions of a lithog- 
raphy system. 

[0020] FIGS. 1 0A-I show flowcharts related to FIGS. 
4-6 that provide operational steps for configuring one or 
more embodiments of the present invention. 
[0021] FIGS. 11 A-E show flowcharts related to FIGS. 
8-9 providing operational steps for configuring one or 
more embodiments of the present invention. 
[0022] The present invention will now be described 
with reference to the accompanying drawings. 

Detailed Description of the Preferred Embodiments 

1. Overview 

[0023] The present invention is directed to a method, 
system, and apparatus for reducing relative motion be- 
tween critical elements of a lithography tool. The present 
invention uses multiple isolated systems to reduce mo- 
tion loads, and relative motion between critical compo- 
nents, including components such as those included in 
a wafer stage, a reticle stage, and projection optics. By 
reducing motion loads, and relative motion between one 
or more lithography system components, semiconduc- 
tor wafers may be more precisely and repeatedly etched 
according to tighter tolerances. 

[0024] In an embodiment according to the present in- 
vention, two active isolated structural assemblies are 
provided. The first isolated structure, an isolated bridge, 
mounts projection optics and passive components of the 
wafer and reticle stage metrology systems. According 
to the present invention, no significant wafer or reticle 
stage motion loads are present on the isolated bridge 
assembly. The second isolated structure, an isolated 
base frame, supports active components of the wafer 
and reticle stage, and carries all stage motion related 
loads. The isolated base frame also supports the isolat- 
ed bridge. A non-isolated tool structure supports the iso- 
lated base frame and isolated bridge combination. 
[0025] In a preferred embodiment, the isolated bridge 
is servo controlled to remain stationary relative to the 



non-isolated tool structure at low frequencies. At higher 
frequencies, the position of the isolated bridge is stabi- 
lized by active inertial sensor feedback signals. 
[0026] In the preferred embodiment, in a counter-in- 
5 tuitive fashion, the isolated base frame is servo control- 
led to followthe position of the isolated bridge. Theservo 
control for the isolated base frame includes anti-rock 
features that transfer reticle and wafer stage motion-re- 
lated loads to the non-isolated tool support structure, 
without coupling floor motion on to the isolated base 
frame structure. 

[0027] Furthermore, in yet another embodiment, the 
wafer stage does not include a focus back plate, and in 
general, provides improved isolation from floor vibra- 
tion. 

[0028] In an alternative embodiment according to the 
present invention, a lithography tool with a separately 
isolated bridge and relay structure is presented. Unlike 
conventional implementations, separate servo control- 
led framing blades are located in the relay module, and 
are imaged onto the reticle plane. In an embodiment, 
the relay has a magnification factor of 1X. Relative mo- 
tion between the relay and the bridge must be controlled 
to the micron level, while motion loads related to framing 
blades are isolated from the critical bridge structure. To 
achieve this, the lithography tool of the present invention 
utilizes a dual isolation system, where the bridge and 
relay structures are independently supported by active 
six-degrees of freedom isolation systems. The relay is 
servo controlled to closely track the position of an iso- 
lated bridge structure. The relay servo incorporates anti- 
rock compensation to counter the effects of framing 
blade motion loads. 

[0029] A lithography system is presented in the fol- 
lowing section. An example lithography tool isolation 
system configuration is then provided. An advanced li- 
thography tool with dual isolation system of the present 
invention is described in thesubsequentsection. Finally, 
an advanced lithography tool with a separately isolated 
bridge and relay structure is described, according to the 
present invention. 

2. Example Lithography System 

[0030] FIG. 9 illustrates relevant portions of a lithog- 
raphy system 900. Lithography system 900 includes an 
illumination source 902, a source optics assembly 904, 
a reticle stage 906, a projection optics 908, and a wafer 
stage 910. Illumination source 902 includes a source of 
radiation for exposing a semiconductor wafer surface of 
wafer stage 910. Source optics assembly 904 includes 
optics necessary to guide radiation from illumination 
source 902 to reticle stage 906. Reticle stage 906 in- 
cludes a mask with a pattern that is to be transferred to 
the semiconductor wafer surface of wafer stage 91 0 by 
radiation from illumination source 902. Projection optics 
908 includes the optics necessary to guide the radiation 
transmitted through the mask pattern of a reticle in ret- 
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icle stage 906 to the semiconductor wafer surface of wa- 
fer stage 91 0. The semiconductor wafer surface of wafer 
stage 91 0 is the surface of a semiconductor wafer to be 
lithographically exposed. 

[0031] Illumination source 902 produces radiation 
912. Radiation 91 2 is transmitted through source optics 
assembly 904 (also called illumination optics), reticle 
stage 906, and projection optics 908, to a semiconduc- 
tor wafer surface in wafer stage 91 0. The pattern of the 
reticle in reticle stage 906 is transferred to the semicon- 
ductor wafer surface of wafer stage 91 0. 
[0032] In lithography systems, portions or all of source 
optics assembly 904, reticle stage 906, projection optics 
908, and wafer stage 910 are included in an isolation 
system, including a bridge structure to which some of 
these components are mounted. The isolation system 
attempts to minimize motion in the structure supporting 
these critical components. The present invention relates 
to a lithography tool isolation system that reduces the 
relative motion between critical components of a lithog- 
raphy tool, including the source optics, wafer stage, ret- 
icle stage, and projection optics. 

[0033] For example, source optics assembly 904 can 
include an optical relay. The optical relay can include 
one or more lenses, and one or more framing blades 
used to frame and adjust radiation passing through the 
optical relay. The framing blades can be moved by linear 
motors to adjust the amount of radiation passing through 
the optical relay. It is desirable to limit motion loads due 
to the framing blade movement in other sensitive lithog- 
raphy components. 

[0034] In another example, reticle stage 906 includes 
components used to move and position the reticle. It is 
desirable to limit motion loads due to the movement of 
the reticle in other sensitive lithography components. 
[0035] In another example, wafer stage 91 0 includes 
components used to move and position the semicon- 
ductor wafer. It is desirable to limit motion loads due to 
the movement of the wafer in other sensitive lithography 
components. 

[0036] A more detailed description of the critical com- 
ponents of a lithography apparatus, and an example iso- 
lation system, are described in the following section. 

3. Example Lithography Tool Isolation System 
Configuration 

[0037] FIGS. 1 A and 1 B illustrate simplified side and 
front views of a lithographic tool apparatus 100. Litho- 
graphic tool apparatus 100 incorporates an isolation 
system to minimize motion in the structure supporting 
critical optical components. Lithographic tool apparatus 
100 includes an isolated bridge 102, a projection optics 
104, a first, second, and third pneumatic isolator 106, 
108, and 110, a non-isolated base frame 112, a first and 
second relative position sensor 1 1 4 and 1 1 6, a first, sec- 
ond, third, and fourth actuator 118, 120, 122, and 124, 
a wafer sub-stage 126, a wafer precision stage 128, a 



focus back plate 130, one or more flexured spacing rods 
132, a reticle stage 134, a linear motor 136, a 1X relay 
138, and air bars 140. These elements of lithographic 
tool apparatus 100 are more fully described in the fol- 

5 lowing text and subsections below. 

[0038] FIG. 2 shows a control system block diagram 
related to lithographic tool apparatus 100 of FIGS. 1A 
and 1B. In FIG. 2. connecting lines between system 
blocks indicate structural connections, and arrows indi- 

10 cate control and/or data signals. 

[0039] The isolation system of FIGS. 1A, 1B, and 2 
includes a structure referred to as isolated bridge 102. 
Isolated bridge 102 supports projection optics and me- 
trology components associated with wafer and reticle 

15 stage systems. As shown in FIGS. 1Aand 1B, isolated 
bridge 102 supports projection optics 104. Projection 
optics 104 includes optics necessary to guide radiation 
transmitted through a mask pattern of a reticle in reticle 
stage 1 34 to a semiconductor wafer surface attached to 

20 wafer precision stage 1 28. Projection optics 1 04 is sub- 
stantially the same as projection optics 908 of FIG. 9. 
[0040] Metrology components supported by isolated 
bridge 102 include devices used to measure and track 
the position of components of reticle stage 906 and wa- 

25 fer stage 910, for example. These devices can include 
laser gauges used in conjunction with interferometer 
mirrors, and capacitance gauges, that accurately ascer- 
tain the position or distance of wafer precision stage 1 28 
from isolated bridge 102, for example. These devices 

30 can also include relative position sensors used to detect 
the relative position between wafer precision stage 128 
and isolated bridge 102. Other metrology devices are 
applicable to the present invention. 
[0041] Isolated bridge 1 02 also supports reticle stage 

35 1 34. The position of reticle stage 134 is guided by air 
bars 140 (not shown in FIG. 2), and is driven by linear 
motor 136. Reticle stage 134 includes the reticle that 
has a mask pattern that is transferred to the semicon- 
ductor wafer surface attached to wafer precision stage 

40 128. The configuration and operation of reticle stage 
134 is further described below. In reference to lithogra- 
phy system 900 shown in FIG. 9, reticle stage 906 in- 
cludes reticle stage 134, air bars 140, and linear motor 
136. 

45 [0042] Isolated bridge 1 02 also supports 1 X relay 1 38 . 
1X relay 138 is an optical relay. In reference to lithogra- 
phy system 900 shown in FIG. 9, 1X relay 138 includes 
at least one of the final lenses of source optics assembly 
904, and includes corresponding framing blades used 

50 to frame and adjust radiation passing through 1X relay 
138. 1X relay 138 transmits and controls where illumi- 
nation from illumination source 902 of FIG. 9 meets the 
reticle of reticle stage 134. 1X relay 138 has a magnifi- 
cation of one, but can have other magnification factors. 

55 [0043] Non-isolated base frame 112 supports wafer 
sub-stage 126. Wafer sub-stage 126 supports wafer 
precision stage 128 with a bracket 142 (not shown in 
FIG. 2). A semiconductor wafer is attached to wafer pre- 
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cision stage 1 28 for exposure by illumination source 902 
of FIG. 9. Focus back plate 130 is attached to isolated 
bridge 102 by flexured spacing rods 132. The configu- 
ration and operation of these components is further de- 
scribed below. In reference to wafer stage 910 of FIG. 
9 includes wafer sub-stage 126, wafer precision stage 
123, focus back plate 130, and flexured spacing rods 
132. 

[0044] Isolated bridge 102 is generally kept isolated 
from outside contact by various supports and controls. 
The weight of isolated bridge 102 can be supported by 
one or more soft pneumatic isolators. (FIG. 3A illustrates 
an exemplary pneumatic isolator 304.) FIG. 1 A shows 
first, second, and third pneumatic isolators 106, 108, 
and 110 that are used to support isolated bridge 102. 
First, second, and third pneumatic isolators 106, 108, 
and 110 are mounted on a non-isolated tool structure 
referred to as a non-isolated base frame 1 1 2. The struc- 
ture and operation of pneumatic isolators are described 
more fully below. 

[0045] The position of isolated bridge 102 is servo 
controlled using feedback from one or more relative po- 
sition sensors to remain stationary relative to non-iso- 
lated base frame 112 at low frequencies (for example, 
frequencies less than 1 Hz). FIG. 1 A shows first and sec- 
ond relative position sensors 1 1 4 and 1 1 6 used to detect 
the position of isolated bridge 102. Relative position 
sensors 114 and 116 can be non-contact optical sen- 
sors, for example. (FIG. 3B illustrates side and front 
views of an exemplary relative position sensor 306 that 
can be used for sensors 1 1 4 and 116.) The structure and 
operation of relative position sensors are described 
more fully below. 

[0046] A system for servo control of isolated bridge 
102 is illustrated in FIG. 2. First and second relative po- 
sition sensors 1 1 4 and 1 1 6 are included in a relative po- 
sition sensors 202. Relative position sensors 202 track 
and/or measure the relative position of isolated bridge 
102 to non-isolated base frame 112. Relative position 
sensors 202 output a relative position signal to a bridge 
position servo controller 204. Bridge position servo con- 
troller 204 outputs a control signal to a pressure control- 
ler 208. Pressure controller 208 outputs a pressure sig- 
nal to first, second, and third pneumatic isolators 106, 
108, and 110. First, second, and third pneumatic isola- 
tors 1 06, 1 08, and 1 1 0 support and adjust the position 
of isolated bridge 102 relative to non-isolated base 
frame 112, accordingly. 

[0047] As shown in FIG. 2, in an embodiment, relative 
position sensors 202 can include six single-axis relative 
position sensors 306. The six relative position sensors 
306 permit accurate measurement of the three transla- 
tion degrees of freedom, and the rotational degrees of 
freedom. Alternatively, three dual-axis relative position 
sensors 306 can be used for relative position sensors 
202. Bridge position servo controller 204 receives the 
six-axis relative position signal from relative position 
sensors 202, and outputs a six-axis control signal to 



pressure controller 208. Six-axis servo controllers, such 
as bridge position servo controller 204, are further de- 
scribed below. Pressure controller 208 outputs a six-ax- 
is pressure control signal to pneumatic isolators 106, 

5 1 08, 1 1 0, which support and adjust the position of iso- 
lated bridge 102 in all six axes, as described above. In 
alternative embodiments, control in fewer degrees of 
freedom may be required, and hence, fewer relative po- 
sition sensors may be necessary. 

10 [0048] One or more non-contact magnetic force actu- 
ators are mounted between non-isolated base frame 
112 and isolated bridge 102. FIG. 1A shows first, sec- 
ond, third, and fourth actuators 118, 120, 122, and 124. 
(For example, first, second, third, and fourth actuators 

15 118, 120, 122, and 124 can be Lorentz actuators, as 
shown in FIG. 3C, which illustrates side and front views 
of an exemplary Lorentz actuator302. The structure and 
operation of Lorentz actuator 302 is described more fully 
below.) First, second, third, and fourth actuators 118, 

20 120, 122, and 124 augment the pneumatic forces de- 
scribed above with respect to first, second, and third 
pneumatic isolators 106, 108. and 110. Actuators also 
enable servos related to isolated bridge 102 to have a 
quick response in 6 degrees of freedom. The actuators 

25 can also be used to cancel dynamic loads due to the 
combination of gravity and horizontal reticle stage mo- 
tion. This process, referred to as "anti-rock" compensa- 
tion, involves predicting acceleration, and gravity loads 
associated with the stage motion profiles, and canceling 

30 these loads using the magnetic force actuators of the 
isolation system. 

[0049] A system for actuator control of isolated bridge 
102 is shown in FIG. 2. First, second, third, and fourth 
non-contact magnetic force actuators 118, 120, 122, 

35 and 1 24 are included in an actuators 21 0. A motion pro- 
file generator 21 2 provides for anti-rock compensation, 
by predicting acceleration and gravity loads as de- 
scribed above. Motion profile generator 21 2 outputs a 
motion profile signal to inertial damper and antirockcon- 

40 trailer 21 4. Antirock controller 21 4 outputs a motion con- 
trol signal to a current drives 216. Current drive 21 6 out- 
puts current drive signals to actuators 210. Actuators 
210 support and control the position of isolated bridge 
102, accordingly. 

45 [0050] At higher frequencies, the position of isolated 
bridge 102 can be stabilized by feedback from one or 
more inertial sensors 206. as shown in FIG. 2. Inertial 
sensors 206 are coupled to isolated bridge 1 02. Inertial 
sensors 206 output an inertial sensor signal to inertial 

50 damper and antirock controller 214. Antirock controller 
214 accounts for the inertial sensor signal in its output 
motion control signal, and the position of isolated bridge 
1 02 is adjusted accordingly by actuators 21 0. 
[0051] In general, the isolation system of lithographic 

55 tool apparatus 100 should have sufficient clearance to 
allow for worst case ground displacements and worst 
case mechanical tolerances. Further details of litho- 
graphic tool apparatus 1 00 are provided in the following 
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subsections. 

3.1 Example Wafer Stage Configuration 

[0052] Lithography tools may incorporate a wafer 
stage, such as represented by wafer stage 91 0 in FIG. 
9, to control the motion of the wafer during the litho- 
graphic process. For example, the wafer stage can in- 
corporate a sub-stage with a large X and Y (mutually 
orthogonal axes in the plane of the wafer) travel. FIG. 
1A illustrates a wafer sub-stage 126 with a large X/Y 
travel, in lithographic tool apparatus 100. Wafer sub- 
stage 126 is mounted on non-isolated base frame 112. 
Wafer sub-stage 1 26 supports a six degree of freedom, 
levitated wafer precision stage 128. The wafer is at- 
tached to wafer precision stage 128 by suction, for in- 
stance. 

[0053] As shown in FIG. 2, the position and movement 
of wafer precision stage 1 28 can be driven by wafer pre- 
cision stage actuators 220. Wafer precision stage actu- 
ators 220 can be any applicable actuators described 
herein or elsewhere, including one or more Lorentz ac- 
tuators 302, shown in FIG. 3C. The weight of wafer pre- 
cision stage 128 can be supported by a counter force 
device 21 8, such as a soft spring. Laser gages, and ca- 
pacitance gages, and other relative position sensors, in- 
cluding one or more of relative position sensors 306, can 
be used to provide position feedback for wafer precision 
stage 128. The position of wafer precision stage 128 
should be tightly controlled. For example, in some ap- 
plications, the position of wafer precision stage 128 is 
controlled to a 1 0 nanometer (nm) accuracy. 
[0054] A system for actuator control of wafer precision 
stage 128 is shown in FIG. 2. A wafer stage metrology 
222 is coupled between wafer precision stage 128 and 
isolated bridge 102. Wafer stage metrology 222 pro- 
vides position feedback to servos for wafer precision 
stage 128. Wafer stage metrology 222 outputs a wafer 
stage position signal to a wafer precision stage position 
servo controller 224. Wafer precision stage position ser- 
vo controller 224 outputs a wafer precision stage control 
signal to current drives 226. Current drives 226 output 
current drive signals to actuators 220. Actuators 220 
support and control the position of wafer precision stage 
128, accordingly. 

[0055] Motion profile generator 212 can provide an 
antirock compensation signal, as described above, to 
wafer precision stage position servo controller 224. Wa- 
fer precision stage position servo controller 224 ac- 
counts forthe antirock compensation signal in its output 
wafer precision stage control signal, and the position of 
wafer precision stage 128 is adjusted accordingly. 
[0056] Wafer sub-stage 126 can be servo controlled 
to follow movement of wafer precision stage 128. For 
example, wafer sub-stage 126 can be servo controlled 
to follow movement of wafer precision stage 1 28 to a 50 
micron accuracy. 

[0057] A system for control of the position of wafer 



sub-stage 128 is illustrated in FIG. 2. Relative position 
sensors 228track or measure the relative position of wa- 
fer sub-stage 1 26 to wafer precision stage 1 28. Relative 
position sensors 228 output a relative position signal to 
5 a wafer sub-stage position servo controller 230. Wafer 
sub-stage position servo controller 230 outputs a control 
signal to a current drives 232. Current drives 232 out- 
puts current drive signals to a linear motors 234. Linear 
motors 234 adjust the position of wafer sub-stage 126 
relative to wafer precision stage 128. accordingly. 
[0058] Motion profile generator 212 can provide an 
antirock compensation signal, as described above, to 
wafer sub-stage position servo controller 230. Wafer 
sub-stage position servo controller 230 accounts forthe 
antirock compensation signal in its output wafer preci- 
sion stage control signal, and the position of wafer sub- 
stage 128 is adjusted accordingly. 
[0059] A focus back plate 130 with an optically flat sur- 
face is mounted to wafer precision stage 128. Focus 
back plate 130 is attached to isolated bridge 102 byflex- 
ured spacing rods 132. The weight of focus back plate 
130 can be supported by a counter force device, such 
as spring isolators 236 or the like, shown in FIG. 2. 
[0060] Focus back plate 130 performs at least two 
functions. First, focus back plate 132 is a metrology ref- 
erence. For example, wafer precision stage 128 can in- 
clude one or more non-contact capacitance gages that 
measure a distance to focus back plate 132. thus pro- 
viding feedback for Z, Tx, and Ty servos of wafer preci- 
sion stage 128. Second, wafer precision stage 128 can 
include focus travel stops that are attached to vacuum 
loaded air bearings running on the surface of focus back 
plate 132. The operating clearance associated with the 
isolation system of isolated bridge 1 02 can cause a wa- 
fer stage designer to incorporate similar clearance be- 
tween the non-isolated wafer sub-stage 1 26 and the lev- 
itated wafer precision stage 128. Without focus travel 
stops, the wafer could crash into wafer surface focus 
gauges that are mounted on projection optics 104. 
[0061] In general, most loads associated with the wa- 
fer stage motion appear on non-isolated base frame 
112, and minimal loads associated with focus stop mo- 
tion are coupled to focus back plate 130 and isolated 
bridge 102. 

3.2 Example Reticle Stage Configuration 

[0062] Lithography tools can incorporate a reticle 
stage, such as represented by reticle stage 906 of FIG. 
9, to support and control the motion of the reticle during 
the lithographic process. FIG. 1 A shows a reticle stage 
134 in lithographic apparatus 100. Typically, reticle 
stage 134 has a single motion axis and is mounted on 
isolated bridge 1 02. Reticle stage 1 34 can be guided by 
air bearings, shown as air bars 140, and can be driven 
by a linear motor 136. A stationary component of linear 
motor 136 is mounted on the non-isolated base frame 
112. Thus, a primary reaction load due to acceleration 
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of reticle stage 1 34 appears on non-isolated base frame 
112. Moments due to the combination of gravity and mo- 
tion of reticle stage 134 can appear on isolated bridge 
102. Also, if the center of gravity of reticle stage 134 is 
offset from the drive axis of linear motor 1 36, a moment 
due to acceleration can also appear on the isolated 
bridge 1 02. The position of reticle stage 1 34 can be ser- 
vo controlled relative to isolated bridge 102 using feed- 
back from laser gages. 

[0063] A system for control of the position of reticle 
stage 134 is illustrated in FIG. 2. Reticle stage metrology 
238 provides position feedback to servos for reticle 
stage 134 relative to isolated bridge 102. Reticle stage 
metrology 238 outputs a reticle stage position signal to 
a reticle stage servo controller 240. Reticle stage servo 
controller 240 outputs a reticle stage control signal to a 
current drive 242. Current drive 242 outputs a current 
drive signal to linear motor 136. Linear motor 136 ad- 
justs the position of reticle stage 134, accordingly. 
[0064] Motion profile generator 212 can provide an 
antirock compensation signal, as described above, to 
reticle stage servo controller 240. Reticle stage servo 
controller 240 accounts for the antirock compensation 
signal in its output reticle stage control signal, and the 
position of reticle stage 134 is adjusted accordingly. 

3.3 Non-contact Magnetic Force Actuators 

[0065] Non-contact magnetic force actuators are use- 
ful for high performance isolation systems, and are par- 
ticularly useful in magnetically levitated stages. Magnet- 
ic force actuators are typically "Lorentz force" devices. 
An example Lorentz actuator 302 is shown in FIG. 3C. 
FIG. 3C shows a side view of Lorentz actuator 302 on 
the left, and a front view on the right. Lorentz actuator 
302 includes a permanent magnet assembly 308 and a 
drive coil 31 0. Magnet assembly 308 generates a strong 
magnetic field that loops though the independently 
mounted drive coil 310. When a control current is 
passed though drive coil 310, the interaction between 
the current and the magnetic field generates a "Lorentz 
force" on drive coil 31 0 at right angles to the current flow 
and magnetic field lines. The force in drive coil 310 is 
proportional to the current, and an equal but opposite 
reaction force appears on permanent magnet assembly 
308. If permanent magnet assembly 308 generates a 
uniform magneticfield over the volume of drive coil 31 0, 
then the force produced by Lorentz actuator 302 is in- 
dependent of the position of drive coil 310 within mag- 
netic assembly 308. 

[0066] When used in an active positioning servo, 
Lorentz force actuators allow the position of a structure 
to be actively controlled without coupling vibration to the 
controlled structure. Alternative types of magnetic actu- 
ators, such as electro-magnets, can be used in place of 
Lorentz actuators. Because the force produced by elec- 
tro-magnets is typically highly gap dependent, compen- 
sating for this non-linearity can add complexity to a con- 



trol servo. 

[0067] In a typical configuration, six actuators can be 
used to position a structure such as isolated bridge 102, 
with three actuators arranged in a vertical orientation, 

5 two arranged in a first horizontal orientation and one ar- 
ranged in a second horizontal orientation. This configu- 
ration and alternative configurations are applicable to 
the present invention. Actuator arrangements where 
one actuator force is nearly in-line with another is gen- 

10 erally undesirable. 

3.4 Non-contact Relative Position Sensors 

[0068] A number of different technologies have been 
15 used to measure the absolute displacement between 
two objects without physical contact. For instance, a 
combination of infrared light emitting diodes and photo- 
diodes can be used to detect motions. For example, 
such a combination can be used to detect motions on 
20 the order of +/-1 mm. If the photo detector is a quad cell 
or a two-dimensional photo pot, a single sensor can 
measure two axes at once. 

[0069] FIG. 3B shows two views of a relative position 
sensor 306, that includes a light emitting diode (LED) 

25 31 2 and a photo pot 314. Capacitance and eddy current 
gages can also be used, as well as linear variable dif- 
ferential transformers (LVDTs). For longer distances, 
optical encoders, either absolute or incremental, can be 
used. For high accuracy measurement over extended 

30 ranges, laser gage interferometers can be used. 

[0070] In a typical configuration, three dual-axis sen- 
sors are located in a pattern that permits accurate meas- 
ure of the three translation degrees of freedom , and the 
rotational degrees of freedom. This configuration and al- 

35 ternative configurations are applicable to the present in- 
vention. Sensor arrangements where one linear meas- 
urement is nearly in-line with another are generally un- 
desirable. 

40 3.5 Pneumatic Isolators, and Coun ter Force Devices 

[0071] A variety of devices are available for support- 
ing and isolating structures such as isolated bridge 1 02. 
For example, rolling diaphragm pneumatic isolators can 

45 be used to counter-force the weight of stationary isolat- 
ed structures. As discussed above, FIG. 3A shows an 
exemplary pneumatic isolator 304. Damped pendulum 
supports can be used to provide horizontal isolation. 
Rubber bearings can also be used as a counter force 

50 device. 

[0072] Counter force devices 218 used with wafer 
precision stage 128 can include gas lubricated air cylin- 
ders, with inverted flexure rods or air pads used for hor- 
izontal isolation. A large air tank, and a precision pres- 
55 sure regulator coupled as directly as possible to the air 
cylinder can be used to improve isolation characteris- 
tics. Stage counter-force cylinder design can be scaled 
upward to support a large static structure. While passive 
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isolation systems require isolators that are well damped, 
an active isolation system can utilize highly under- 
damped isolators. Lower isolator damping improves 
high isolation at high frequencies. 
[0073] In atypical configuration, three or four isolators 
can be placed around the center of gravity of the sup- 
ported structure. This configuration and alternative con- 
figurations are applicable to the present invention. 

3.6 Mechanical Properties of an Isolated Structure 

[0074] It is desirable for an isolated structure, such as 
isolated bridge 1 02, to have a first non-rigid body mode 
much higherthan the highest rigid body mode. It is also 
desirable that the lowest non-rigid body modes be well 
damped to minimize resonance amplification. In gener- 
al, high rigidity reduces motion between isolated com- 
ponents. Also, in general, high resonant frequencies al- 
low for higher active control bandwidths, which result in 
improved performance. 

3.7 Six-Axis Position Control Servos 

[0075] Six-axis servos can be used to actively control 
the position of rigid structures. In general, a control sys- 
tem processes digital motion data received from feed- 
back sensors into an orthogonal set of three translation 
axes and three rotation axes. For instance, inertial 
damper and antirock controller 214 and bridge position 
servo controller 204 are such control systems. The 
transformed feedback data is subtracted from a set of 
six commanded positions, or motion profiles. The result- 
ing position errors can be fed through appropriate fre- 
quency compensation algorithms to create servo drive 
signals. These servo drive signals can be processed 
through mass and actuator drive matrixes, and fed to 
digital-to-analog converters. The resulting analog actu- 
ator drive signals, also referred to as control signals, can 
be fed to current output power amplifiers, such as cur- 
rent drives 216 shown in FIG. 2. that drive the Lorentz 
actuator coils. Anti-rock compensation signals can be 
summed with the digital actuator drive signals. The anti- 
rock signals are computed based upon factors such as 
planned motion profiles, stage mass properties, and 
stage configuration. For instance, motion profile gener- 
ator 212 outputs anti-rock compensation signals. The 
servos also can generate low frequency corrections to 
the pneumatic counter force devices that support the 
static weight of the controlled structures. For example, 
bridge position servo controller 204 generates such a 
signal to provide an adjustment for pneumatic isolators 
106, 108, and 110. 

4. Advanced Lithography Tool with Dual Isolation 
System Embodiments of the Present Invention 

[0076] Structural implementations for the dual isola- 
tion system configuration of the present invention are 



described at a high-level and at a more detailed level. 
These structural implementations are described herein 
for illustrative purposes, and are not limiting. In particu- 
lar, the present invention as described herein can be 
5 achieved using any number of structural implementa- 
tions. For instance, the present invention as described 
herein can be implemented in any lithography system 
requiring a high degree of isolation from outside vibra- 
tion . and a reduction in relative motion of lithography 
system components. For example, in embodiments, the 
present invention can be implemented in a Micrascan 
and other advanced lithography tool platforms devel- 
oped by the Lithography Group of Silicon Valley Group, 
Inc., located in Wilton, Connecticut. 
[0077] The present invention provides for a lithogra- 
phy tool with a dual isolation system. Unlike convention- 
al systems, the present invention includes two separate 
active isolated structural assemblies: an isolated bridge 
and an isolated base frame. In embodiments, both iso- 
lated structures are positioned in six degrees of freedom 
by magnetic force actuators. The weight of the isolated 
structures can be counter-forced by one or more soft 
pneumatic isolators, mechanical springs, and/or other 
counter-force devices. 

[0078] FIG. 4 illustrates a structural block diagram of 
a dual isolation system lithography tool 400, according 
to an exemplary embodiment of the present invention. 
Lithography tool 400 includes an isolated bridge 402, 
projection optics and metrology components 404, first 
supporting/positioning elements 406, an isolated base 
frame 408, reticle stage components 410, wafer stage 
components 412, and second supporting/positioning el- 
ements 41 6. These components are first described at a 
high level, followed by a more detailed description in re- 
lation to a preferred embodiment. Lithography tool 400 
is mounted to a non-isolated tool structure 414. 
[0079] The first isolated structure, isolated bridge 402, 
is structurally similar to isolated bridge 102. Isolated 
bridge 402 supports projection optics and passive me- 
trology components 404. Isolated bridge 402 is coupled 
to the second isolated structure, isolated base frame 
408, through first supporting/positioning elements 406. 
[0080] Projection optics and passive metrology com- 
ponents 404 includes projection optics and components 
related to metrology. For instance, projection optics and 
passive metrology components 404 can include projec- 
tion optics substantially similar or identical to those of 
projection optics 104, and can include metrology com- 
ponents as described herein. 

[0081] First supporting/positioning elements 406 in- 
cludes one or more counter-force devices for supporting 
isolated bridge 402 with respect to isolated base frame 
408, as are described elsewhere herein. The weight of 
isolated bridge 402 can be counter-forced by one or 
more pneumatic isolators, mechanical springs, and/or 
other counter-force devices. In a preferred embodiment, 
first supporting/positioning elements 406 includes po- 
rous gas bearing lubricated air cylinders and inverted 
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pendulum support rods. First supporting/positioning el- 
ements 406 can include a positioning element, such as 
one or more actuators, and other such elements de- 
scribed elsewhere herein. First supporting/positioning 
elements 406 can also include one or more position de- 
tectors as described elsewhere herein. 
[0082] The second isolated structure, isolated base 
frame 408, supports active components of the reticle 
and wafer stages, reticle stage components 410 and 
wafer stage components 412, respectively. These ac- 
tive components are described more fully below. Isolat- 
ed base frame 408, is preferably a metal bridge con- 
structed in a similar fashion as isolated bridge 102. Iso- 
lated base frame 408 preferably handles all motion re- 
lated loads. In addition, in a preferred embodiment, a 
control system for isolated base frame 408 includes the 
above-described anti-rock feature to transfers motion 
related loads to a non-isolated tool structure 414. Thus, 
relative motion between isolated bridge 402 and isolat- 
ed base frame 408 are minimized. This configuration 
provides for a novel method of reaction load control. 
[0083] Second supporting/positioning elements 416 
includes one or more counter-force devices for support- 
ing isolated base frame 408 with respect to non-isolated 
tool structure 414. For example, the weight of isolated 
base frame 408 can be counter-forced by one or more 
soft pneumatic isolators or mechanical springs, and/or 
other counter-force devices described elsewhere here- 
in. First supporting/positioning elements 406 can in- 
clude a positioning element, such as one or more actu- 
ators, and other such elements described elsewhere 
herein. First supporting/positioning elements 406 can 
also include one or more position detectors as described 
elsewhere herein. 

[0084] Non-isolated tool structure 41 4 can be any sur- 
face or special purpose structure applicable to mounting 
and supporting a lithography tool apparatus as de- 
scribed herein, such as those currently used in the art. 
[0085] FIGS. 5A and 5B respectively illustrate side 
and front views of dual isolation system lithography tool 
400, according to a preferred embodiment of the present 
invention. Lithography tool 400 includes isolated bridge 
402, first supporting/positioning elements 406, isolated 
base frame 408, second supporting/positioning ele- 
ments 416, a projection optics 502, a wafer sub-stage 
504, a reticle sub-stage 506, a wafer precision stage 
508, a reticle precision stage 510. and a relay 512. 
These elements of lithographic tool apparatus 400 are 
more fully described in the following text. 
[0086] FIG. 6 shows an exemplary control system 
block diagram related to lithography tool with dual iso- 
lation system 400, according to an embodiment of the 
present invention. In FIG. 6, connecting lines between 
system blocks indicate structural connections, and ar- 
rows indicate control and/or data signals. 
[0087] Isolated bridge 402 supports projection optics 
and metrology components associated with wafer and 
reticle stage systems. As shown in FIGS. 5A and 5B, 



isolated bridge 402 supports projection optics 502. Pro- 
jection optics 502 includes optics necessary to guide ra- 
diation transmitted through a mask pattern of a reticle 
in reticle precision stage 510 to a semiconductor wafer 
5 surface in wafer precision stage 508. For instance, pro- 
jection optics 502 is substantially similar to projection 
optics 1 04 of FIGS. 1 A and 1 B. 

[0088] Metrology components supported by isolated 
bridge 402 include devices related to measuring and 

10 tracking the position of components of reticle stage com- 
ponents 41 0 and wafer stage components 412, shown 
in FIG. 4. These metrology devices can include laser 
gauges used in conjunction with interferometer mirrors, 
and can include capacitance gauges, that accurately as- 

15 certain the position or distance of wafer precision stage 
508 or reticle precision stage 510 from isolated bridge 
402, for example. These devices can also include rela- 
tive position sensors used to detect the relative position 
between a precision stage and isolated bridge 402. Oth- 

20 er metrology devices are applicable to the present in- 
vention. 

[0089] Isolated base frame 408 supports isolated 
bridge 402 viafirstsupporting/positioning elements 406. 
A first, second, and third pneumatic isolator 304 are 

25 shown mounted on isolated base frame 408 in FIG. 5A. 
The pneumatic isolators support a majority of the weight 
of isolated bridge 402. In alternative embodiments, first 
supporting/positioning elements 406 includes additional 
or fewer pneumatic isolators. Mounting springs can be 

30 used to support isolated bridge 402 on isolated base 
frame 408. Such mounting springs significantly improve 
the degree to which isolated bridge 402 is isolated from 
higher frequency ground vibration. 
[0090] As shown in FIG. 5B, one or more relative po- 

35 sition sensors 306 detect the position of isolated bridge 
402 relative to non-isolated tool structure 414, and one 
or more relative position sensors 306 detect the position 
of isolated base frame 408 relative to isolated bridge 
402. The "static" portion of relative position sensors 306 

40 that monitor the position of isolated bridge 402 are 
mounted to non-isolated tool structure 414, while the 
"static" portion of relative position sensors 306 that mon- 
itor the position of isolated base frame 408 are mounted 
on the structure of isolated bridge 402. While this ar- 

45 rangement can appear counter-intuitive, it is the pre- 
ferred configuration. In an embodiment, six relative po- 
sition sensors 306 are coupled between isolated bridge 
402 and non-isolated tool structure 41 4, and six relative 
position sensors 306 are coupled between isolated 

50 bridge 402 and isolated base frame 408. The invention 
is also applicable to other quantities and mounting 
points for relative position sensors 306. 
[0091] A system for the support and position control 
of isolated bridge 402 is illustrated in FIG. 6. Relative 

55 position sensors 602 track or measure the relative po- 
sition of isolated bridge 402 to non-isolated tool struc- 
ture 414. Relative position sensors 602 include six, or 
other applicable number of relative position sensors 
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306. Relative position sensors 602 output a relative po- 
sition signal to a bridge position servo controller 604. 
Bridge position servo controller 604 outputs a control 
signal to a pressure controller 606. For example, bridge 
position servo controller 604 provides servo control in 
six axes, or other applicable number of axes. Pressure 
controller 606 outputs a pressure signal to a pneumatic 
isolators 608. Pneumatic isolators 608 comprises three, 
or other applicable number of pneumatic isolators 304, 
for example. Pneumatic isolators 608 support and ad- 
just the position of isolated bridge 402 relative to non- 
isolated tool structure 414. 

[0092] In the embodiment shown in FIGS. 5A and 5B, 
one or more Lorentz actuators 302 in first supporting/ 
positioning elements 406 control the position of isolated 
bridge 402 relative to isolated base frame 408. In an em- 
bodiment, the magnet assemblies 308 of the Lorentz ac- 
tuators 302 are attached to isolated bridge 402, and the 
corresponding drive coils 310 are attached to isolated 
base frame 408. Mounting the reaction portion of the 
force actuators for isolated bridge 402 on isolated base 
frame 408 allows for smaller actuator air gaps, and a 
more modular design. In an embodiment, six Lorentz ac- 
tuators 302 are used. More or less actuators can be 
used without departing from the spirit and scope of the 
present invention. 

[0093] A system for actuator control of isolated bridge 
402 is shown in FIG. 6. A motion profile generator 610 
provides for anti-rock compensation, by predicting ac- 
celeration and gravity loads as described above. Motion 
profile generator 61 0 outputs a motion profile signal to 
bridge position servo controller 604. Bridge position ser- 
vo controller 604 outputs a position control signal to a 
current drives 612. Current drives 612 outputs current 
drive signals to an actuators 614. Actuators 614 in- 
cludes six, or other applicable number of Lorentz actu- 
ators 302, for example. Actuators 61 4 support and con- 
trol the position of isolated bridge 402. 
[0094] At higher frequencies, the position of isolated 
bridge 102 can be stabilized by feedback from one or 
more inertial sensors 666. Inertial sensors 666 are cou- 
pled to isolated bridge 402. Inertial sensors 666 output 
an inertial sensorsignal to bridge position servo control- 
ler 604. Bridge position servo controller 604 accounts 
forthe inertial sensor signal in its output position control 
signal, and the position of isolated bridge 402 is adjusted 
accordingly by actuators 614. 

[0095] One or more pneumatic isolators 304 in sec- 
ond supporting/positioning elements 416 support the 
weight of isolated base frame 408 in a similar fashion to 
those supporting the weight of isolated bridge 402. 
These pneumatic isolators 304 are mounted on non-iso- 
lated tool structure 41 4. Mounting springs can also sup- 
port isolated base frame 408 on non-isolated tool struc- 
ture 414. In a preferred embodiment, three pneumatic 
isolators 304 are used, but the invention is applicable to 
other numbers. 

[0096] A system for the position control of isolated 



base frame 408 is also illustrated in FIG. 6. Relative po- 
sition sensors 61 6 track and/or measure the relative po- 
sition of isolated base frame 408 to isolated bridge 402 . 
Relative position sensors 616 include six, or other ap- 
5 plicable number of relative position sensors 306. Rela- 
tive position sensors 61 6 output a relative position signal 
to a base frame position servo controller 618. Base 
frame position servo controller 61 8 outputs a control sig- 
nal to a pressure controller 620. Pressure controller 620 
10 outputs a pressure signal to a pneumatic isolators 622. 
Pneumatic isolators 622 comprises three, or other ap- 
plicable number of pneumatic isolators 304, for exam- 
ple. Pneumatic isolators 622 support and adjust the po- 
sition of isolated base frame 408. 
15 [0097] One or more Lorentz actuators 302 in second 
supporting/positioning elements 41 6 control the position 
of isolated base frame 408 relative to non-isolated tool 
structure 414, in a similar fashion to those controlling 
the position of isolated bridge 402 relative to isolated 
20 base frame 408. In a preferred embodiment, isolated 
base frame 408 is servo controlled to closely follow the 
position of isolated bridge 402. In a preferred embodi- 
ment, six Lorentz actuators 302 are used, but the inven- 
tion is applicable to other numbers. 
25 [0098] A system for actuator control of isolated base 
frame 408 is shown in FIG. 6. Motion profile generator 
610 provides for anti-rock compensation, by predicting 
acceleration and gravity loads as described above. Mo- 
tion profile generator 6 1 0 outputs a motion profile signal 
30 to base frame position servo controller 61 8. Base frame 
position servo controller 618 outputs a position control 
signal to a current drives 624. For example, base frame 
position servo controller 618 provides servo control in 
six axes, or other applicable number of axes. Current 
35 drives 624 outputs current drive signals to an actuators 
626. Actuators 626 includes six, or other applicable 
number of Lorentz actuators 302, for example. Actua- 
tors 626 support and control the position of isolated base 
frame 408. 

40 [0099] In a novel aspect of the present invention, both 
the wafer and reticle stage systems incorporate preci- 
sion stages. Reticle stage components 41 0 of FIG. 4 in- 
cludes reticle sub-stage 506 and reticle precision stage 
51 0 of FIG. 5A. Isolated base frame 408 supports reticle 
45 sub-stage 506. Reticle sub-stage 506 supports reticle 
precision stage 510. Reticle precision stage 510 in- 
cludes the reticle that has a mask pattern used to etch 
the semiconductor wafer surface attached to wafer pre- 
cision stage 508. 
50 [0100] Wafer stage components 412 of FIG. 4 in- 
cludes wafer sub-stage 504 and wafer precision stage 
508. Non-isolated base frame 408 supports wafer sub- 
stage 504. Wafer sub-stage 504 supports wafer preci- 
sion stage 508. A semiconductor wafer is attached to 
55 wafer precision stage 508 for exposure by an illumina- 
tion source, such as illumination source 902 of FIG. 9. 
[0101] Reticle precision stage 510 and wafer preci- 
sion stage 508 are preferably magnetically levitated with 
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respect to reticle sub-stage 506 and wafer sub-stage 
504, respectively. The positions of wafer precision stage 
508 and reticle precision stage 510 are servo controlled 
relative to isolated bridge 402 ; preferably in six degrees 
of freedom. Laser gages and capacitance gages cou- 
pled between isolated bridge 402 and the precision 
stages can provide feedback for the servos controlling 
the position of wafer precision stage 508 and reticle pre- 
cision stage 510. One or more Lorentz actuators 302 
drive each of wafer precision stage 508 and reticle pre- 
cision stage 510 in six degrees of freedom. As shown 
in FIG. 6, first and second counter-force devices 644 
and 646 provide support for the weight of wafer preci- 
sion stage 508 and reticle precision stage 51 0, respec- 
tively. 

[0102] In a preferred embodiment, wafer sub-stage 
504 and reticle sub-stage 506 are servo controlled to 
follow wafer precision stage 508 and reticle precision 
stage 510, respectively, based upon optical sensor 
feedback. In an embodiment, wafer sub-stage 504 is ca- 
pable of X and Y travel, and reticle sub-stage 506 is ca- 
pable of X travel. 

[0103] No motion loads related to wafer stage com- 
ponents 41 2 or reticle stage components 41 0 are direct- 
ly coupled to the structure of isolated bridge 402. In- 
stead, as previously mentioned, the wafer and reticle 
stage motion loads appear on the structure of the iso- 
lated base frame 408. 

[0104] A system for control of the position of wafer 
sub-stage 504 is illustrated in FIG. 6. Relative position 
sensors 628 track or measure the relative position of wa- 
fer sub-stage 504 to wafer precision stage 508. Relative 
position sensors 628 includes two, or other applicable 
number of relative position sensors 306, for example. 
Relative position sensors 628 output a relative position 
signal to a wafer sub-stage position servo controller 630. 
Wafer sub-stage position servo controller 630 outputs a 
control signal to a current drives 632. For example, wa- 
fer sub-stage position servo controller 630 provides ser- 
vo control in two axes (X and Y), or other applicable 
number of axes. Current drives 632 outputs current 
drive signals to a linear motors 634. Linear motors 634 
is coupled between wafer sub-stage 504 and isolated 
base frame 408. Linear motors 634 adjust the position 
of wafer sub-stage 504 relative to wafer precision stage 
508. 

[0105] Motion profile generator 61 0 provides an anti- 
rock compensation signal, as described above, to wafer 
sub-stage position servo controller 630. Wafer sub- 
stage position servo controller630 accounts forthe anti- 
rock compensation signal in its output wafer precision 
stage control signal, and the position of wafer sub-stage 
504 is adjusted accordingly. 

[0106] A system for actuator control of wafer precision 
stage 508 is shown in FIG. 6. A wafer stage metrology 
636 is coupled between wafer precision stage 508 and 
isolated bridge 402. Wafer stage metrology 636 pro- 
vides position feedback to servos for wafer precision 



stage 508. Forexample ; wafer stage metrology 636 pro- 
vides position feedback in six axes, or other applicable 
number of axes. Wafer stage metrology 636 outputs a 
wafer stage position signal to a wafer precision stage 
5 servo controller 638. Wafer precision stage servo con- 
troller 638 outputs a wafer precision stage control signal 
to current drives 640. For example, wafer precision 
stage servo controller 638 provides servo control in six 
axes, or other applicable number of axes. Current drives 
640 outputs current drive signals to actuators 642. Ac- 
tuators 642 includes six, or other applicable number of 
Lorentz actuators 302, for example. Actuators 642 sup- 
port and control the position of wafer precision stage 
508. 

[0107] Motion profile generator 610 provides an anti- 
rock compensation signal, as described above, to wafer 
precision stage servo controller 638. Wafer precision 
stage servo controller 638 accounts for the antirock 
compensation signal in its output wafer precision stage 
control signal, and the position of wafer precision stage 
508 is adjusted accordingly. 

[0108] A system for control of the position of reticle 
sub-stage 506 is also illustrated in FIG. 6. Relative po- 
sition sensor 648 tracks or measures the relative posi- 
tion of reticle sub-stage 506 to reticle precision stage 
510. Relative position sensor 648 includes one or more 
relative position sensors 306, for example. Relative po- 
sition sensor 648 outputs a relative position signal to a 
reticle sub-stage position servo controller 650. Reticle 
sub-stage position servo controller 650 outputs a control 
signal to current drives 652. For example, reticle sub- 
stage position servo controller 650 provides servo con- 
trol in one axis, or other applicable number of axes. Cur- 
rent drives 652 outputs current drive signals to a linear 
motors 654. Linear motors 654 is coupled between ret- 
icle sub-stage 506 and isolated base frame 408. Linear 
motors 654 adjust the position of reticle sub-stage 506 
relative to reticle precision stage 51 0. 
[0109] Motion profile generator 610 provides an anti- 
rock compensation signal, as described above, to reticle 
sub-stage position servo controller 650. Reticle sub- 
stage position servo controller 650 accounts forthe anti- 
rock compensation signal in its output reticle sub-stage 
control signal, and the position of reticle sub-stage 506 
is adjusted accordingly. 

[0110] A system for control of reticle precision stage 
51 0 is shown in FIG. 6. A reticle stage metrology 656 is 
coupled between reticle precision stage 510 and isolat- 
ed bridge 402. Reticle stage metrology 656 provides po- 
sition feedback to servos for reticle precision stage 510. 
For example, reticle stage metrology 656 provides po- 
sition feedback in six axes, or other applicable number 
of axes. Reticle stage metrology 656 outputs a reticle 
precision stage position signal to a reticle precision 
stage servo controller 658. Reticle precision stage servo 
controller 658 outputs a reticle precision stage control 
signal to current drives 660. For example, reticle preci- 
sion stage servo controller 658 provides servo control 
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in six axes, or other applicable number of axes. Current 
drives 660 outputs current drive signals to actuators 
662. Actuators 662 includes six, or other applicable 
number of Lorentz actuators 302, for example. Actua- 
tors 662 support and control the position of reticle pre- 
cision stage 51 0. 

[0111] Motion profile generator 610 provides an anti- 
rock compensation signal, as described above, to reticle 
precision stage servo controller 658. Reticle precision 
stage servo controller 658 accounts for the antirock 
compensation signal in its output reticle precision stage 
control signal, and the position of reticle precision stage 
510 is adjusted accordingly. 

[0112] Isolated base frame 408 supports relay 512. 
Relay 51 2 includes at least one of the lenses of source 
optics assembly 904 of FIG. 9, and includes correspond- 
ing framing blades used to frame and adjust radiation 
passing through Relay 512. In relation to lithography 
system 900, of FIG. 9, relay 512 transmits and controls 
where illumination from illumination source 902 meets 
the reticle of reticle precision stage 508, in reticle stage 
906. In an embodiment, relay 512 has a magnification 
of 1X, but can have other magnification factors. 
[01 1 3] FIG. 1 0A shows a flowchart 1 000 providing op- 
erational steps for configuring one or more embodi- 
ments of the present invention. FIGS. 1 0B-I show oper- 
ational steps of further embodiments of the present in- 
vention. The steps of FIGS. 10A-I do not necessarily 
have to occur in the order shown, as will be apparent to 
persons skilled in the relevant art(s) based on the teach- 
ings herein. Other embodiments will be apparentto per- 
sons skilled in the relevant art(s) based on the following 
discussion. These steps are described in detail below. 
[0114] Flowchart 1000 begins with step 1002. In step 
1002, a base frame is isolated and supported on a non- 
isolated tool structure. For example, the base frame is 
isolated base frame 408, which is supported on non-iso- 
lated tool structure 414, as shown in FIGS. 4, 5A, and 
5B. Isolated base frame 408 is supported by second 
supporting/positioning elements 41 6, which can include 
one or more pneumatic isolators 304, for example, and/ 
or other support device. 

[0115] In step 1004, a wafer stage component is sup- 
ported with the base frame, wherein the wafer stage 
component provides a mount for attachment of a semi- 
conductor wafer. For example, the wafer stage compo- 
nent is wafer stage components 412, supported by iso- 
lated base frame 408, shown in FIG. 4. A wafer chuck 
mount in wafer precision stage 508 can be provided in 
wafer stage components 412, for the attachment of the 
semiconductor wafer, by suction, for example. The wa- 
fer stage component can be included in wafer stage 9 1 0 
of lithography system 900, for example. 
[0116] In step 1 006, a reticle stage component is sup- 
ported with the base frame, wherein the reticle stage 
component provides a mount for a reticle. For example, 
the reticle stage component is reticle stage components 
410, supported by isolated base frame 408, shown in 



FIG. 4. The reticle stage component can be included in 
reticle stage 906 of lithography system 900, for exam- 
ple. 

[0117] In step 1008, a bridge is isolated and support- 

5 ed on the base frame, wherein the bridge provides a 
mount for a projection optics. For example, the bridge 
is isolated bridge 402, which is supported on isolated 
baseframe408, shown in FIGS. 4, 5A, and5B. The pro- 
jection optics can be projection optics 502 and can be 

10 included in projection optics and metrology components 
404. Isolated bridge 402 is supported by first supporting/ 
positioning elements 406, which can include one or 
more pneumatic isolators 304, for example, and/or other 
support device. 

15 [0118] A dual isolation system lithography tool config- 
ured according to the steps of flowchart 1000 can be 
implemented in a lithography system, such as lithogra- 
phy system 900. Radiation from an illumination source 
such as illumination source 902 passes through a plane 

20 of a mounted reticle at the provided reticle mount in ret- 
icle stage components 41 0, to a surface of a semicon- 
ductor wafer attached in wafer stage components 412. 
A pattern of the mounted reticle is transferred to a sur- 
face of the attached semiconductor wafer. 

25 [0119] In an embodiment, flowchart 1000 includes the 
additional step 1010. where the bridge is positioned in 
six degrees of freedom to remain substantially station- 
ary relative to the non-isolated tool structure. 
[0120] In an embodiment, flowchart 1000 includes the 

30 additional step 1 012 where the baseframe is positioned 
in six degrees of freedom to follow the position of the 
bridge. 

[0121] In an embodiment, step 1002 includes the step 
where the base frame is supported with a first pneumatic 
35 isolator. 

[0122] In an embodiment, step 1 008 includes the step 
where the bridge is supported with a second pneumatic 
isolator. 

[0123] In an embodiment, step 1010 includes the fol- 

40 lowing steps ; shown in FIG. 10B. 

[0124] In step 1 014. the position of the bridge relative 
to the non-isolated tool structure is detected. For exam- 
ple, relative position sensors 602 detect the relative po- 
sition. Relative position sensors 602 can include one or 

45 more of relative position sensor 306. 

[0125] In step 1 01 6, a control signal related to the de- 
tected bridge position is generated. For example, bridge 
position servo controller 604 can generate the control 
signal. The control signal can be conditioned by one or 

50 more current drives, such as current drives 612. 

[0126] In step 1018, the bridge and the base frame 
are coupled with a magnetic actuator. For example, ac- 
tuators 614 can couple isolated bridge 402 and isolated 
baseframe 408. The magnetic actuator of actuators 61 4 

55 can be a Lorentz actuator 302. 

[0127] In step 1020, the control signal is applied to the 
magnetic actuator. For example, the control signal caus- 
es the actuators 614 to adjust the position of isolated 
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bridge 402. 

[0128] In an embodiment, bridge position servo con- 
troller 604 generates a pressure control signal that is 
received by pneumatic isolators 608. Pneumatic isola- 
tors 608 are coupled between isolated bridge 402 and 
isolated base frame 408. The pressure control signal 
causes pneumatic isolators 608 to support and/or adjust 
the position of isolated bridge 402. The pressure control 
signal can be conditioned by one or more pressure con- 
trollers, such as pressure controller 606. 
[0129] In an embodiment, step 1012 includes the fol- 
lowing steps, shown in FIG. 10C. 
[0130] In step 1022, the position of the base frame 
relative to the bridge is detected. For example, relative 
position sensors 616 detect the relative position. Rela- 
tive position sensors 61 6 can include one or more of rel- 
ative position sensor 306. 

[0131] In step 1 024, a control signal related to the de- 
tected base frame position is generated. For example, 
base frame position servo controller 618 can generate 
the control signal. The control signal can be conditioned 
by one or more current drives, such as current drives 
624. 

[0132] In step 1 026, the base frame and the non-iso- 
lated tool structure are coupled with a magnetic actua- 
tor. For example, actuators 626 can couple isolated 
base frame 408 and non-isolated tool structure 41 4. The 
magnetic actuator of actuators 626 can be a Lorentz ac- 
tuator 302. 

[0133] Instep 1 028, the control signal is applied to the 
magnetic actuator. For example, the control signal caus- 
es the actuators 626 to adjust the position of isolated 
base frame 408. 

[0134] In an embodiment, base frame position servo 
controller 618 generates a pressure control signal that 
is received by pneumatic isolators 622. Pneumatic iso- 
lators 622 are coupled between isolated base frame 408 
and non-isolated tool structure 414. The pressure con- 
trol signal causes pneumatic isolators 622 to support 
and/or adjust the position of isolated base frame 408. 
The pressure control signal can be conditioned by one 
or more pressure controllers, such as pressure control- 
ler 620. 

[0135] In an embodiment, step 1 006 includes the fol- 
lowing steps, shown in FIG. 10D. 
[0136] In step 1 030, a reticle sub-stage is supported 
with the base frame. For example, the reticle sub-stage 
is reticle sub-stage 506, which is mounted to isolated 
base frame 408. 

[0137] In step 1032, a reticle precision stage is sup- 
ported by the reticle sub-stage. For example, the reticle 
precision stage can be reticle precision stage 51 0, sup- 
ported by reticle sub-stage 506. Reticle precision stage 
51 0 can be magnetically levitated with respect to reticle 
sub-stage 506, for example. 

[0138] In an embodiment, flowchart 1 000 includes the 
additional step 1 034 where the reticle precision stage is 
positioned in six degrees of freedom to follow the posi- 



tion of the bridge. 

[0139] In an embodiment, step 1 034 includes the fol- 
lowing steps, shown in FIG. 10E. 
[0140] In step 1036, the position of the reticle preci- 

5 sion stage relative to the isolated bridge is detected. For 
example, reticle stage metrology 656 can detect the rel- 
ative position. Reticle stage metrology 656 can include 
one or more of relative position sensor 306, for example. 
[0141] In step 1038, a control signal related to the de- 

10 tected position of the reticle precision stage is generat- 
ed. For example, precision reticle stage servo controller 
658 can generate the control signal. The control signal 
can be conditioned by one or more current drives, such 
as current drives 660. 

15 [0142] In step 1040, the reticle precision stage and 
the reticle sub-stage are coupled with a magnetic actu- 
ator. For example, actuators 662 can couple reticle pre- 
cision stage 510 and reticle sub-stage 506. The mag- 
netic actuators of actuators 662 can be a Lorentz actu- 

20 ator 302. 

[0143] In step 1042, the control signal is applied to the 
magnetic actuator. For example, the control signal caus- 
es actuators 662 to adjust the position of reticle preci- 
sion stage 51 0. 

25 [0144] In an embodiment, flowchart 1000 includes the 
additional step 1044 where the reticle sub-stage is po- 
sitioned to track the reticle precision stage. 
[0145] In an embodiment, step 1 044 includes the fol- 
lowing steps, shown in FIG. 10F. 

30 [0146] In step 1046, the position of the reticle sub- 
stage relative to the reticle precision stage is detected. 
For example, relative position sensor 648 can detect the 
relative position. Relative position sensor 648 can in- 
clude one or more of relative position sensor 306, for 

35 example. 

[0147] In step 1048, a control signal related to the de- 
tected reticle sub-stage position is generated. For ex- 
ample, reticle sub-stage position servo controller 650 
can generate the control signal. The control signal can 
40 be conditioned by one or more current drives, such as 
current drives 652. 

[0148] In step 1050, the control signal is received with 
a linear motor. For example, the control signal is re- 
ceived by linear motors 654. 

45 [0149] In step 1052, the reticle sub-stage is positioned 
relative to the isolated base frame with the linear motor. 
For example, the control signal causes linear motors 
654 to adjust the position of reticle sub-stage 506. 
[0150] In an embodiment, step 1 004 includes the fol- 

50 lowing steps, shown in FIG. 10G. 

[0151] In step 1 054, a wafer sub-stage is supported 
with the base frame. For example, the wafer sub-stage 
is wafer sub-stage 504, which is mounted to isolated 
base frame 408. 

55 [0152] In step 1056, a wafer precision stage is sup- 
ported with the wafer sub-stage. For example, the wafer 
precision stage can be wafer precision stage 508, sup- 
ported by wafer sub-stage 504. Wafer precision stage 
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508 can be magnetically levitated with respect to wafer 
sub-stage 504, for example. 

[0153] In an embodiment, flowchart 1 000 includes the 
following step 1 058, where the wafer precision stage is 
positioned in six degrees of freedom to follow the posi- 
tion of the bridge. 

[0154] In an embodiment, step 1 058 includes the fol- 
lowing steps, shown in FIG. 1 0H. 
[0155] Instep 1 060, the position of the wafer precision 
stage relative to the isolated bridge is detected. For ex- 
ample, wafer stage metrology 636 can detect the rela- 
tive position. Wafer stage metrology 636 can include 
one or more of relative position sensor306, for example. 
[0156] In step 1 062, a control signal related to the de- 
tected position of the wafer precision stage is generated. 
For example, precision wafer stage servo controller 638 
can generate the control signal. The control signal can 
be conditioned by one or more current drives, such as 
current drives 640. 

[01 57] I n step 1 064, the wafer precision stage and the 
wafer sub-stage are coupled with a magnetic actuator. 
For example, actuators 642 can couple wafer precision 
stage 508 and wafer sub-stage 504. The magnetic ac- 
tuator of actuators 642 can be a Lorentz actuator 302. 
[0158] Instep 1066, the control signal is applied to the 
magnetic actuator. For example, the control signal caus- 
es the actuators 642 to adjust the position of wafer pre- 
cision stage 508. 

[0159] In an embodiment, flowchart 1 000 includes the 
following step 1 068, where the wafer sub-stage is posi- 
tioned to follow the wafer precision stage. 
[0160] In an embodiment, step 1 068 includes the fol- 
lowing steps, shown in FIG. 101. 
[0161] In step 1070, the position of the wafer sub- 
stage relative to the wafer precision stage is detected. 
For example, relative position sensor 628 can detect the 
relative position. Relative position sensor 628 can in- 
clude one or more of relative position sensor 306, for 
example. 

[0162] In step 1 072, a control signal related to the de- 
tected wafer sub-stage position is generated. For exam- 
ple, wafer sub-stage position servo controller 630 can 
generate the control signal. The control signal can be 
conditioned by one or more current drives, such as cur- 
rent drives 632. 

[0163] In step 1 074, the control signal is received with 
a linear motor. For example, the control signal is re- 
ceived by linear motors 634. 

[0164] Instep 1 076, the wafer sub-stage is positioned 
relative to the isolated base frame with the linear motor. 
For example, the control signal causes linear motors 
634 to adjust the position of wafer sub-stage 504. 
[0165] Further embodiments for the dual isolation 
system lithography tool 400 of the present invention will 
be apparent to persons skilled in the relevant art(s) from 
the structures, processes, and teachings presented 
herein. 



5. Advanced Lithography Tool with Separately 
Isolated Bridge and Relay Structures Embodiments 
of the Present Invention 

5 [0166] Structural implementations for the lithography 
tool with separately isolated bridge and relay structure 
of the present invention are described at a high-level 
and at a more detailed level. These structural implemen- 
tations are described herein for illustrative purposes, 

10 and are not limiting. In particular, the present invention 
as described herein can be achieved using any number 
of structural implementations. For instance, the present 
invention as described herein can be implemented in 
any lithography system requiring a high degree of iso- 

15 lation from outside vibration, and a reduction in relative 
motion of lithography system components. For exam- 
ple, in embodiments, the present invention can be im- 
plemented in a Micrascan and other advanced lithogra- 
phy tool platforms developed by the Lithography Group 

20 of Silicon Valley Group, Inc., located in Wilton, Connecti- 
cut. 

[0167] Embodiments of the present invention provide 
for a lithography tool with a separately isolated bridge 
and relay structure. Unlike conventional implementa- 

25 tions, the lithography tool of the present invention incor- 
porates separate servo controlled framing blades locat- 
ed in the relay module that are imaged onto the reticle 
plane. Relative motion between the relay and the bridge 
must be controlled to the micron level, while motion 

30 loads related to framing blades are isolated from the crit- 
ical bridge structure. 

[0168] To achieve these design objectives, the lithog- 
raphy tool of the present invention utilizes a dual isola- 
tion system, where the bridge and relay structures are 

35 independently supported by active six-degrees of free- 
dom isolation systems. The relay is servo controlled to 
closely track the position of the bridge structure. The re- 
lay servo incorporates anti-rock compensation to coun- 
ter the effects of framing blade motion loads. 

40 [0169] FIGS. 7A and 7B respectively illustrate simpli- 
fied side and front views of a dual isolation system li- 
thography tool 700, according to a preferred embodi- 
ment of the present invention. Lithography tool and dual 
isolation system 700 includes an isolated bridge 702, a 

45 projection optics 704, a supporting/positioning elements 
706, a non-isolated base frame 708, a relay 710, a ret- 
icle sub-stage 71 2, a reticle precision stage 71 4, a wafer 
sub-stage 726, a wafer precision stage 728, a focus 
back plate 730, and flexured spacing rods 732. These 

50 elements of lithographic tool 700 are more fully de- 
scribed in the following text. 

[0170] FIG. 8 shows an exemplary control system 
block diagram related to lithography tool with dual iso- 
lation system 700, according to an embodiment of the 
55 present invention. In FIG. 8, connecting lines between 
system blocks indicate structural connections, and ar- 
rows indicate control and/or data signals. 
[0171] Isolated bridge 702 is coupled to non-isolated 
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base frame 708, through supporting/positioning ele- 
ments 706. Isolated bridge 702 supports projection op- 
tics and metrology components associated with wafer 
and reticle stage systems. As shown in FIGS. 7A and 
73, isolated bridge 702 supports projection optics 704. 
Projection optics 704 includes optics necessary to guide 
radiation transmitted through a mask pattern of a reticle 
in reticle precision stage 714 to a semiconductor wafer 
surface in wafer precision stage 728. For instance, pro- 
jection optics 704 is substantially similar to projection 
optics 1 04 of FIGS. 1 A and 1 B. 
[0172] Metrology components supported by isolated 
bridge 702 include, for example, devices related to 
measuring and tracking the position of components of 
reticle stage components 41 0 and wafer stage compo- 
nents 412, shown in FIG. 4. These metrology devices 
can include any of those described elsewhere herein, 
or otherwise known. 

[01 73] Non-isolated base frame 708 supports isolated 
bridge 702 via supporting/positioning elements 706. 
Supporting/positioning elements 706 support and posi- 
tion isolated bridge 702 in a similar fashion to the man- 
ner in which first supporting/positioning elements 406 
support and position isolated bridge 402, shown in 
FIGS. 5A and 5B. As such, supporting/positioning ele- 
ments 706 can include support devices such as one or 
more pneumatic isolators 304, positioning devices such 
as one or more Lorentz actuators 302, and position sen- 
sors such as one or more relative position sensors 306, 
and other counter-force devices and metrology devices 
described elsewhere herein. 

[0174] A system for the position control of isolated 
bridge 702 is illustrated in FIG. 8. Relative position sen- 
sors 802 track or measure the relative position of isolat- 
ed bridge 702 to non-isolated base frame 708. Relative 
position sensors 802 include six, or other applicable 
number of relative position sensors 306. Relative posi- 
tion sensors 802 output a relative position signal to a 
bridge position servo controller 804. Bridge position ser- 
vo controller 804 outputs a control signal to a pressure 
controller 806. Pressure controller 806 outputs a pres- 
sure signal to a pneumatic isolators 808. Pneumatic iso- 
lators 808 includes three, or other number of pneumatic 
isolators 304, for example. Pneumatic isolators 808 sup- 
port and adjust the position of isolated bridge 702 rela- 
tive to non-isolated base frame 708. 
[01 75] A system for actuator control of isolated bridge 
702 is shown in FIG. 8. Bridge position servo controller 
804 receives a position signal from relative position sen- 
sors 802. Bridge position servo controller 804 can also 
receive a motion control signal from a motion profile 
generator. Bridge position servo controller 804 outputs 
a position control signal to a current drives 81 0. For ex- 
ample, bridge position servo controller 804 provides ser- 
vo control in six axes, or other applicable number of ax- 
es. Current drives 810 outputs current drive signals to 
an actuators 812. Actuators 812 includes six, or other 
applicable number of Lorentz actuators 302, for exam- 



ple. Actuators 812 support and control the position of 
isolated bridge 702. 

[0176] At higher frequencies, the position of isolated 
bridge 702 can be stabilized by feedback from one or 

5 more inertial sensors 81 4. Inertial sensors 81 4 are cou- 
pled to isolated bridge 702. Inertial sensors 814 output 
an inertial sensor signal to bridge position servo control- 
ler 804. Bridge position servo controller 804 accounts 
for the inertial sensor signal in its output position control 

10 signal, and the position of isolated bridge 702 is adjusted 
accordingly by actuators 812. 

[0177] Wafer sub-stage 726 is mounted on non-iso- 
lated base frame 708. Wafer sub-stage 726 supports 
levitated wafer precision stage 728. In an embodiment, 

15 wafer precision stage 728 is movable in six degrees of 
freedom. A semiconductor wafer is attached to wafer 
precision stage 508 for exposure by illumination source 
902 of FIG. 9. Wafer sub-stage 726 and wafer precision 
stage 728 are structurally similar to wafer sub-stage 1 26 

20 and wafer precision stage 1 28 described above with ref- 
erence to FIGS. 1 A and 1 B. The positions of wafer sub- 
stage 726 and wafer precision stage 728 are monitored 
and controlled as described above in reference to FIG. 
2 for wafer sub-stage 126 and wafer precision stage 

25 128, respectively. 

[0178] Focus back plate 730 with an optically flat sur- 
face is mounted to wafer precision stage 728. Focus 
back plate 730 is attached to isolated bridge 702 by flex- 
ured spacing rods 732. In one aspect, unlike conven- 

30 tional systems, lithography tool 700 utilizes a three-axis 
active position control servo to maintain alignment be- 
tween wafer stage focus back plate 730, and the struc- 
ture of isolated bridge 702. Out-of-plane alignment is 
still maintained by flexured spacing rods 732. The 

35 weight of focus back plate 730 is supported by two air 
bearing counter force cylinders. Pneumatic isolators 
824 are shown supporting focus back plate 730 in FIG. 
8. Pneumatic isolators 824 includes two, or other 
number of pneumatic isolators 304, for example. 

40 [01 79] A system for actuator control of wafer stage fo- 
cus backplate 730 is shown in FIG. 8. Relative position 
sensors 816 are coupled between wafer stage focus 
backplate 730 and isolated bridge 702. Focus backplate 
position servo controller 818 receives a position signal 

45 from relative position sensors 816. Relative position 
sensors 81 6 includes three, or other applicable number 
of relative position sensors 306, for example. Focus 
backplate position servo controller 81 8 can also receive 
a motion control signal from a motion profile generator. 

50 Focus backplate position servo controller 81 8 outputs a 
position control signal to a current drives 820. For ex- 
ample, focus backplate position servo controller 818 
provides servo control in three axes, or other applicable 
number of axes. Current drives 820 outputs current 

55 drive signals to an actuators 822. Actuators 822 in- 
cludes three, or other applicable number of Lorentz ac- 
tuators 302, for example. Actuators 822 support and 
control the position of wafer stage focus backplate 730. 
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[0180] Reticle sub-stage 712 is mounted on non-iso- 
lated base frame 708. Reticle sub-stage 712 supports 
levitated reticle precision stage 714. Reticle precision 
stage 714 includes the reticle that has a mask pattern 
used to etch the semiconductor wafer surface attached 
to wafer precision stage 728. Reticle sub-stage 71 2 and 
reticle precision stage 714 are structurally and opera- 
tionally similar to reticle sub-stage 506 and reticle pre- 
cision stage 508 described above with reference to 
FIGS. 5A and5B. The positions of reticle sub-stage 712 
and reticle precision stage 714 are monitored and con- 
trolled as described above in reference to FIG. 6 for ret- 
icle sub-stage 506 and reticle precision stage 508, re- 
spectively. 

[0181] In an embodiment, relay 710 is an optical relay 
having a magnification of 1X, but can have other mag- 
nification factors. The structu re of relay 71 0 is supported 
by an active six-degrees of freedom isolation system. 
Pneumatic isolators 836 are shown in FIG. 8 coupled 
between non-isolated base frame 708 and relay 710. 
Pneumatic isolators 836 includes three, or other number 
of pneumatic isolators 304, for example. Relay 710 is 
servo controlled to closely track the position of isolated 
bridge 702, by a relay position servo controller 826. The 
servo(s) for relay 710 incorporate anti-rock compensa- 
tion to counterthe effects of framing blade motion loads. 
Relative motion between relay 710 and isolated bridge 
702 is controlled to the micron level, while motion loads 
related to the framing blades of relay 710 are isolated 
from the structure of isolated bridge 702. 
[0182] A system for actuator control of relay structure 
710 is shown in FIG. 8. Relative position sensors 828 
are coupled between relay 71 0 and isolated bridge 702. 
Relative position sensors 828 includes six, or other ap- 
plicable number of relative position sensors 306, for ex- 
ample. Relay position servo controller 826 receives a 
position signal from relative position sensors 828. Relay 
position servo controller 826 can also receive a motion 
control signal for antirock compensation from a motion 
profile generator 830. Relay position servo controller 
826 outputs a position control signal to a current drives 
832. For example, relay position servo controller 826 
provides servo control in six axes, or other applicable 
number of axes. Current drives 832 outputs current 
drive signals to an actuators 834. Actuators 834 in- 
cludes six, or other applicable number of Lorentz actu- 
ators 302, for example. Actuators 834 support and con- 
trol the position of relay 71 0. 

[0183] Relay 710 includes a right framing blade 838 
and a left framing blade 840 that frame and adjust radi- 
ation passing through relay 710. The present invention 
incorporates separate servo controls for right framing 
blade 838 and left framing blade 840, as shown in FIG. 
8, and described as follows. 

[0184] A first linear optical encoder 842 is coupled be- 
tween rightframing blade 838 and relay 71 0. First linear 
optical encoder 842 tracks the position of right framing 
blade 838. A framing blade position servo controller 844 



receives a position signal from first linear optical encod- 
er 842. Framing blade position servo controller 844 can 
also receive a motion control signal for antirock com- 
pensation related to right framing blade 838 from a mo- 
5 tion profile generator 830. Framing blade position servo 
controller 844 outputs a position control signal to a cur- 
rent drive 846. For example, framing blade position ser- 
vo controller 844 provides servo control in two axes, or 
other applicable number of axes. Current drive 846 out- 
puts a current drive signal to a first linear motor 848. 
First linear motor 848 controls the position of right fram- 
ing blade 838. 

[0185] A second linear optical encoder 850 is coupled 
between left framing blade 840 and relay 710. Second 
linear optical encoder 850 tracks the position of left fram- 
ing blade 840. Framing blade position servo controller 
844 receives a position signal from second linear optical 
encoder 850. Framing blade position servo controller 
844 can also receive a motion control signal for antirock 
compensation related to left framing blade 840 from a 
motion profile generator 830. Framing blade position 
servo controller 844 outputs a position control signal to 
a current drive 852. Current drive 852 outputs a current 
drive signal to a second linear motor 854. Second linear 
motor 854 controls the position of left framing blade 840 . 
[01 86] FIG. 1 1 A shows a flowchart 1 1 00 providing op- 
erational steps for configuring one or more embodi- 
ments of the present invention. FIGS. 11 B-E show op- 
erational steps of further embodiments of the present 
invention. The steps of FIGS. 1 1 A-E do not necessarily 
have to occur in the order shown, as will be apparent to 
persons skilled in the relevant art(s) based on the teach- 
ings herein. Other embodiments will be apparent to per- 
sons skilled in the relevant art(s) based on the following 
discussion. These steps are described in detail below. 
[0187] Flowchart 1100 begins with step 1102. In step 
1102, a bridge is isolated and supported on a non-iso- 
lated base frame, wherein the bridge provides a mount 
for a projection optics. For example, the bridge is isolat- 
ed bridge 702, which is supported on non-isolated base 
frame 708, shown in FIGS. 7A and 7B. The projection 
optics can be projection optics 704. Isolated bridge 702 
is supported by supporting/positioning elements 706, 
which can include one or more pneumatic isolators 304, 
for example, and/or other support device. 
[0188] In step 1104, an optical relay is isolated and 
supported on the non-isolated base frame, wherein the 
optical relay includes at least one servo controlled fram- 
ing blade. For example, the optical relay is relay 710, 
supported on non-isolated base frame 708. Relay 710 
is supported by supporting/positioning elements such 
as one or more pneumatic isolators 304. In an embodi- 
ment, relay 71 0 has a magnification of 1 X, but can have 
other magnification factors. 

[0189] In step 1 1 06, a wafer stage component is sup- 
ported with the non-isolated base frame, wherein the 
wafer stage component provides a mount for attach- 
ment of a semiconductor wafer. For example, the wafer 
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stage component is wafer sub-stage 702, supported by 
non-isolated baseframe 708, shown in FIG. 7A. A wafer 
chuck can be provided for the attachment of the semi- 
conductor wafer, by suction, for example. The wafer 
stage component can be included in wafer stage 91 0 of 
lithography system 900. 

[0190] Instep 1108, a reticle stage component is sup- 
ported with the non-isolated base frame, wherein the 
reticle stage component provides a mount for a reticle. 
For example, the reticle stage component is reticle sub- 
stage 712, supported by non-isolated base frame 708, 
shown in FIG. 7A. The reticle stage component can be 
included in reticle stage 906 of lithography system 900. 
[0191] A dual isolation system lithography tool config- 
ured according to the steps of flowchart 1100 can be 
implemented in a lithography system, such as lithogra- 
phy system 900. The at least one servo controlled fram- 
ing blade is configured such that radiation from an illu- 
mination source would be framed and imaged onto a 
plane at the provided reticle mount. The radiation pass- 
es through the reticle plane to a surface of an attached 
semiconductor wafer. A pattern of a mounted reticle is 
transferred to an attached semiconductor wafersurf ace. 
[0192] In an embodiment, flowchart 1100 includes the 
additional step where projection optics are mounted to 
the bridge. For example, projection optics 704 can be 
mounted to isolated bridge 702. 
[0193] In an embodiment, flowchart 1100 includes the 
additional step 1110, where the bridge is positioned in 
six degrees of freedom to remain substantially station- 
ary relative to the non-isolated base frame. 
[0194] In an embodiment, step 1110 includes the fol- 
lowing steps, shown in FIG. 1 1 B. 
[0195] In step 1112, the position of the bridge relative 
tothe non-isolated baseframe is detected. Forexample, 
relative position sensors 802 can detect the relative po- 
sition. Relative position sensors 802 can include one or 
more of relative position sensor 306, for example. 
[01 96] I n step 1114, a control signal related to the de- 
tected bridge position is generated. Forexample, bridge 
position servo controller 804 can generate the control 
signal. The control signal can be conditioned by one or 
more current drives, such as current drives 810. 
[0197] In step 1116, the bridge is coupled to the non- 
isolated base frame with a first magnetic actuator. For 
example, actuators 812 can couple isolated bridge 702 
and non-isolated base frame 708. The magnetic actua- 
tor of actuators 812 can be a Lorentz actuator 302. 
[0198] Instep 1 11 8, the control signal is applied to the 
magnetic actuator. For example, the control signal caus- 
es the actuators 812 to adjust the position of isolated 
bridge 702. 

[0199] In an embodiment, bridge position servo con- 
troller 804 generates a pressure control signal that is 
received by pneumatic isolators 808. Pneumatic isola- 
tors 808 are coupled between isolated bridge 702 and 
non-isolated base frame 708. The pressure control sig- 
nal causes pneumatic isolators 808 to support and/or 



adjust the position of isolated bridge 702. The pressure 
control signal can be conditioned by one or more pres- 
sure controllers, such as pressure controller 806. 
[0200] In an embodiment, flowchart 1 1 00 includes the 
5 additional step 1120, where the optical relay is posi- 
tioned in six degrees of freedom to remain substantially 
stationary relative to the bridge. 

[0201] In an embodiment, step 1 1 20 includes the fol- 
lowing steps, shown in FIG. 11C. 
10 [0202] In step 1122, the position of the optical relay 
relative to the bridge is detected. For example, relative 
position sensors 828 can detect the relative position. 
Relative position sensor 828 can include one or more of 
relative position sensor 306, for example. 
15 [0203] In step 1124, a control signal related to the de- 
tected optical relay position is generated. Forexample, 
relay position servo controller 826 can generate the con- 
trol signal. Relay position servo controller 826 can re- 
ceive a motion control signal for antirock compensation 
20 related to relay 710 from motion profile generator 830. 
Relay position servo controller 826 can compensate for 
the received motion control signal in the control signal. 
The control signal can be conditioned by one or more 
current drives, such as current drives 832. 
25 [0204] In step 1126, the optical relay and the non-iso- 
lated base frame are coupled with a magnetic actuator. 
For example, actuators 834 can couple relay 710 and 
non-isolated base frame 708. The magnetic actuator of 
actuators 834 can be a Lorentz actuator 302. 
30 [0205] In step 11 28, the control signal is applied to the 
magnetic actuator. For example, the control signal caus- 
es actuators 834 to adjust the position of relay 710. 
[0206] In an embodiment, flowchart 1100 includes the 
following steps, shown in FIG. 11 D. 
35 [0207] In step 1130. a wafer stage focus backplate is 
connected to the bridge with flexured spacing rods. For 
example, the wafer stage focus backplane is wafer 
stage focus backplane 730. Wafer stage focus back- 
plane 730 is connected to isolated bridge 702 with flex- 
40 ured spacing rods 732. Alternatively, wafer stage focus 
backplane 730 can be coupled to isolated bridge 702 by 
other means than flexured spacing rods 732. 
[0208] In step 1132, the position of the wafer stage 
focus backplate relative to the bridge is detected. For 
45 example, relative position sensors 816 can detect the 
relative position. Relative position sensor 816 can in- 
clude one or more of relative position sensor 306, for 
example. 

[0209] In step 1 1 34, a control signal related to the de- 
50 tected wafer stage focus backplate position is generat- 
ed. For example, focus backplate position servo control- 
ler 81 8 can generate the control signal. The control sig- 
nal can be conditioned by one or more current drives, 
such as current drives 820. 
55 [0210] In step 1136, the wafer stage focus backplate 
and the non-isolated base frame are coupled with a 
magnetic actuator. Forexample, actuators 822 can cou- 
ple wafer stage focus backplate 730 and non-isolated 
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base frame 708. The magnetic actuator of actuators 822 
can be a Lorentz actuator 302. 

[0211] Instep 1138, the control signal is applied to the 
magnetic actuator. For example, the control signal caus- 
es actuators 822 to adjust the position of wafer stage 
focus backplate 730. 

[0212] In an embodiment, the at least one servo con- 
trolled framing blade of step 1104 comprises a right 
framing blade and a left framing blade. In an embodi- 
ment, flowchart 1100 includes the following steps, 
shown in FIG. 11 E. 

[0213] In step 1140, the position of the right framing 
blade is detected. For example, first linear optical en- 
coder 842 can detect the position of right framing blade 
838. 

[0214] In step 1142, a first linear motor drive signal 
related to the detected right framing blade position is 
generated. For example, framing blade position servo 
controller 844 can generate the drive signal. Framing 
blade position servo controller 844 can receive a motion 
control signal for antirock compensation related to right 
framing blade 838 from motion profile generator 830. 
Framing blade position servo controller 844 can com- 
pensate for the received motion control signal in the 
drive signal. The first linear motor drive signal can be 
conditioned by one or more current drives, such as cur- 
rent drive 846. 

[0215] In step 1144, the linear motor drive signal is 
applied to a first linear motor to adjust the position of the 
right framing blade. For example, the drive signal caus- 
es first linear motor 848 to adjust the position of right 
framing blade 838. 

[0216] In step 1146, the position of the left framing 
blade is detected. For example, second linear optical 
encoder 850 can detect the position of left framing blade 
840. 

[0217] Instep 1148, a second linear motor drive signal 
related to the detected left framing blade position is gen- 
erated. For example, framing blade position servo con- 
troller 844 can generate the drive signal. Framing blade 
position servo controller 844 can receive a motion con- 
trol signal for antirock compensation related to left fram- 
ing blade 840 from motion profile generator 830. Fram- 
ing blade position servo controller 844 can compensate 
forthe received motion control signal in the drive signal. 
The second linear motor drive signal can be conditioned 
by one or more current drives, such as current drive 852. 
[0218] Instep 1150, the second linear motor drive sig- 
nal is applied to a second linear motor to adjust the po- 
sition of the left framing blade. For example, the drive 
signal causes second linear motor 854 to adjust the po- 
sition of left framing blade 840. 

[0219] Further embodiments for the dual isolation 
system lithography tool 700 of the present invention will 
be apparent to persons skilled in the relevant art(s) from 
the structures, processes, and teachings presented 
herein. 



6. Conclusion 

[0220] While various embodiments of the present in- 
vention have been described above, it should be under- 

5 stood that they have been presented by way of example 
only, and not limitation. It will be apparent to persons 
skilled in the relevant art that various changes in form 
and detail can be made therein without departing from 
the spirit and scope of the invention. The embodiments 

10 described above may be combined in any applicable 
manner. For instance, in embodiments, a relay, an iso- 
lated bridge, and an isolated base frame can each have 
separate isolation systems in a single lithography tool. 
Thus, the breadth and scope of the present invention 

15 should not be limited by any of the above-described ex- 
emplary embodiments, but should be defined only in ac- 
cordance with thefollowing claims andtheir equivalents. 



20 Claims 

1. A lithography apparatus with a dual isolation sys- 
tem, comprising: 

25 an isolated base frame supported by a non-iso- 

lated tool structure; 

a wafer stage component to provide a mount 
for attachment of a semiconductor wafer, sup- 
ported by said isolated base frame; 
30 a reticle stage component to provide a mount 

for a reticle, supported by said isolated base 
frame; and 

an isolated bridge to provide a mount for a pro- 
jection optics, supported by said isolated base 
35 frame. 

2. The apparatus of claim 1 , further comprising: 

a first actuator that positions said isolated 
40 bridge with respect to the isolated base frame. 

3. The apparatus of claim 1 , further comprising: 

a relative position sensor that detects the posi- 
45 tion of said isolated bridge relative to said non- 

isolated tool structure, and outputs a relative 
position signal; and 

a servo controller that receives said relative po- 
sition signal and outputs a control signal, 

50 

wherein said actuator receives said control 
signal and positions said isolated bridge in six de- 
grees of freedom relative to said non-isolated tool 
structure. 

55 

4. The apparatus of claim 1 , further comprising: 

an isolated base frame servo controller to con- 
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trol said isolated base frame to follow the posi- 
tion of said isolated bridge. 

5. The apparatus of claim 3, further comprising: 

a second relative position sensor that detects 
the position of said isolated base frame relative 
to said isolated bridge, and outputs a second 
relative position signal; 

a second servo controller that receives said 
second relative position signal and outputs a 
second control signal; and 
a second actuator that receives said second 
control signal and positions said isolated base 
frame in six degrees of freedom relative to said 
isolated bridge. 

6. The apparatus of claim 5, wherein said isolated 
bridge and said isolated base frame are each sup- 
ported with at least one of a pneumatic isolator and 
a mechanical spring. 

7. The apparatus of claim 6. wherein said first actuator 
and said second actuator are magnetic force actu- 
ators. 

8. The apparatus of claim 1 , wherein said reticle stage 
component comprises: 

a magnetically levitated reticle precision stage 
that allows for a reticle to be mounted; and 
a reticle sub-stage to support said reticle preci- 
sion stage, wherein said reticle sub-stage is 
mounted to said isolated base frame. 

9. The apparatus of claim 8, wherein said reticle stage 
component further comprises: 

a first relative position sensor that detects the 
position of said reticle sub-stage relative to said 
reticle precision stage, and outputs a first rela- 
tive position signal; 

a first servo controllerthat receives said first rel- 
ative position signal and outputs a first control 
signal; 

a first linear motorthat receives said first control 
signal and positions said reticle sub-stage rel- 
ative to said isolated base frame; 
a first reticle stage metrology module that de- 
tects the position of said reticle precision stage 
relative to said isolated bridge, and outputs a 
second relative position signal; 
a second servo controller that receives said 
second relative position signal and outputs a 
second control signal; and 
a first actuator that receives said second con- 
trol signal and positions said reticle precision 
stage in six degrees of freedom relative to said 



isolated bridge. 

10. The apparatus of claim 1 , wherein said wafer stage 
component comprises: 

a magnetically levitated wafer precision stage 
that allows for attachment of a semiconductor 
wafer; and 

a wafer sub-stage to support said wafer preci- 
sion stage, wherein said wafer sub-stage is 
mounted to said isolated base frame. 

11. The apparatus of claim 10, wherein said wafer 
stage component further comprises: 

a first relative position sensor that detects the 
position of said wafer sub-stage relative to said 
wafer precision stage, and outputs a first rela- 
tive position signal; 

a first servo controllerthat receives said first rel- 
ative position signal and outputs a first control 
signal; 

a first linear motorthat receives said first control 
signal and positions said wafer sub-stage rela- 
tive to said isolated base frame; 
a first wafer stage metrology module that de- 
tects the position of said wafer precision stage 
relative to said isolated bridge, and outputs a 
second relative position signal; 
a second servo controller that receives said 
second relative position signal and outputs a 
second control signal; and 
a first actuator that receives said second con- 
trol signal and positions said wafer precision 
stage in six degrees of freedom relative to said 
isolated bridge. 

12. The apparatus of claim 1 , further comprising: 

a motion profile controllerthat provides antirock 
compensation to a servo controller for at least 
one of said isolated base frame, said isolated 
bridge, said wafer stage component, and said 
reticle stage component. 

13. A lithography apparatus with a dual isolation sys- 
tem, comprising: 

an isolated bridge to provide a mount for a pro- 
jection optics, supported by a non-isolated 
base frame; 

a wafer stage component to provide a mount 
for attachment of a semiconductor wafer, sup- 
ported by said non-isolated base frame; 
a reticle stage component to provide a mount 
for a reticle, supported by said non-isolated 
base frame; and 

an isolated optical relay supported by said non- 
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isolated base frame, wherein said isolated op- 
tical relay includes at least one individually ser- 
vo controlled framing blade. 

14. The apparatus of claim 13, wherein said isolated 5 
optical relay has a magnification factor of one. 

15. The apparatus of claim 13, further comprising: 

a first relative position sensor that detects the 10 
position of said isolated bridge relative to said 
non-isolated base frame, and outputs a first rel- 
ative position signal; 

a first servo controller that receives said first rel- 
ative position signal and outputs a first control 15 
signal; and 

a first actuator that receives said first control 
signal and positions said isolated bridge in six 
degrees of freedom relative to said non-isolat- 
ed base frame. 20 

16. The apparatus of claim 13, further comprising: 

a first relative position sensor that detects the 
position of said isolated optical relay relative to 25 
said isolated bridge, and outputs a first relative 
position signal; 

a first servo controller that receives said first rel- 
ative position signal and outputs a first control 
signal; and 30 
a first actuator that receives said first control 
signal and positions said isolated optical relay 
in six degrees of freedom relative to said isolat- 
ed bridge. 

35 

17. The apparatus of claim 13, wherein said wafer 
stage component comprises: 

a wafer stage focus backplate. 

40 

18. The apparatus of claim 17, further comprising: 

a flexured spacing rod that couples said wafer 
stage focus backplate and said isolated bridge; 
a first relative position sensor that detects the 45 
position of said wafer stage focus backplate rel- 
ative to said isolated bridge, and outputs a first 
relative position signal; 

a first servo controller that receives said first rel- 
ative position signal and outputs a first control 50 
signal; and 

a first actuator that receives said first control 
signal and positions said wafer stage focus 
backplate in six degrees of freedom relative to 
said isolated bridge. 55 

19. The apparatus of claim 18, wherein said first servo 
controller is a three-axis active position control ser- 



vo. 

20. The apparatus of claim 1 3, wherein said at least one 
individually servo controlled framing blade includes 
a right framing blade and a left framing blade. 

21 . The apparatus of claim 20, further comprising: 

a first linear optical encoder that detects the po- 
sition of said right framing blade, and outputs a 
first position signal; 

a framing blade position servo controller that 
receives said first position signal and outputs a 
first linear motor drive signal; 
a first linear motor that receives said first linear 
motor drive signal and adjusts the position of 
said right framing blade; 
a second linear optical encoder that detects the 
position of said left framing blade, and outputs 
a second position signal, wherein said framing 
blade position servo controller receives said 
second position signal and outputs a second 
linear motor drive signal; and 
a second linear motorthat receives said second 
linear motor drive signal and adjusts the posi- 
tion of said left framing blade. 

22. A method for a configuring a lithography tool with a 
dual isolation system, comprising the steps of: 

isolating and supporting a base frame on a non- 
isolated tool structure; 

supporting a wafer stage component with the 
base frame, wherein the wafer stage compo- 
nent provides a mount for attachment of a sem- 
iconductor wafer; 

supporting a reticle stage component with the 
base frame, wherein the reticle stage compo- 
nent provides a mount for a reticle; and 
isolating and supporting a bridge on the base 
frame, wherein the bridge provides a mount for 
a projection optics. 

23. The method of claim 22, further comprising the step 
of: 

positioning the bridge in six degrees of freedom 
to remain substantially stationary relative to the 
non-isolated tool structure. 

24. The method of claim 23, further comprising the step 
of: 

positioning the base frame in six degrees of 
freedom to follow the position of the bridge. 

25. The method of claim 24, wherein said base frame 
isolating and supporting step comprises the step of: 
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supporting the base frame with a first pneumat- 
ic isolator. 

26. The method of claim 25 ; wherein said bridge isolat- 
ing and supporting step comprises the step of: 

supporting the bridge with a second pneumatic 
isolator. 

27. The method of claim 26, wherein said bridge posi- 
tioning step comprises the steps of: 

detecting the position of the bridge relative to 
the non-isolated tool structure; 
generating a first control signal related to the 
detected bridge position; 
coupling the bridge and the base frame with a 
first magnetic actuator; and 
applying the first control signal to the first mag- 
netic actuator. 

28. The method of claim 27, wherein said base frame 
positioning step comprises the steps of: 

detecting the position of the base frame relative 
to the bridge; 

generating a second control signal related to 
the detected base frame position; 
coupling the base frame and the non-isolated 
tool structure with a second magnetic actuator; 
and 

applying the second control signal to the sec- 
ond magnetic actuator. 

29. The method of claim 22, wherein said reticle stage 
component supporting step comprises the steps of: 

supporting a reticle sub-stage with the base 
frame; and 

supporting a reticle precision stage with the ret- 
icle sub-stage. 

30. The method of claim 29, further comprising the step 
of: 

positioning the reticle precision stage in six de- 
grees of freedom to follow the position of the 
bridge. 

31. The method of claim 30, wherein said reticle preci- 
sion stage positioning step comprises the steps of: 

detecting the position of the reticle precision 
stage relative to the isolated bridge; 
generating a control signal related to the de- 
tected position of the reticle precision stage; 
coupling the reticle precision stage and the ret- 
icle sub-stage with a magnetic actuator; and 



applying the control signal to the magnetic ac- 
tuator. 

32. The method of claim 29, further comprising the step 
5 of: 

positioning the reticle sub-stage to trackthe ret- 
icle precision stage. 

10 33. The method of claim 32, wherein said positioning 
step comprises the steps of: 

detecting the position of the reticle sub-stage 
relative to the reticle precision stage; 
15 generating a control signal related to the de- 

tected reticle sub-stage position; 
receiving the control signal with a linear motor; 
and 

positioning the reticle sub-stage relative to the 
20 isolated base frame with the linear motor. 

34. The method of claim 22, wherein said wafer stage 
component supporting step comprises the steps of: 

25 supporting a wafer sub-stage with the base 

frame; and 

supporting a wafer precision stage with the wa- 
fer sub-stage. 

30 35. The method of claim 34, further comprising the step 
of: 

positioning the wafer precision stage in six de- 
grees of freedom to follow the position of the 
35 bridge. 

36. The method of claim 35, wherein said wafer preci- 
sion stage positioning step comprises the steps of: 

40 detecting the position of the wafer precision 

stage relative to the isolated bridge; 
generating a control signal related to the de- 
tected position of the wafer precision stage; 
coupling the wafer precision stage and the wa- 
45 fer sub-stage with a magnetic actuator; and 

applying the control signal to the magnetic ac- 
tuator. 

37. The method of claim 34, further comprising the step 
50 of: 

positioning the wafer sub-stage to follow the 
wafer precision stage. 

55 38. The method of claim 37, wherein said positioning 
step comprises the steps of: 

detecting the position of the wafer sub-stage 
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relative to the wafer precision stage; 
generating a control signal related to the de- 
tected wafer sub-stage position; 
receiving the control signal with a linear motor; 
and 

positioning the wafer sub-stage relative to the 
isolated base frame with the linear motor. 

39. A method for a configuring a lithography tool with a 
dual isolation system, comprising the steps of: 

isolating and supporting a bridge on a non-iso- 
lated base frame, wherein the bridge provides 
a mount for a projection optics; 
isolating and supporting an optical relay on the 
non-isolated base frame, wherein the optical 
relay includes at least one framing blade; 
supporting a wafer stage component with the 
non-isolated base frame, wherein the wafer 
stage component provides a mount for attach- 
ment of a semiconductor wafer; and 
supporting a reticle stage component with the 
non-isolated base frame, wherein the reticle 
stage component provides a mount for a reticle. 

40. The method of claim 39, further comprising the step 
of: 

mounting projection optics to the bridge. 

41 . The method of claim 39, further comprising the step 

of: 

positioning the bridge in six degrees of freedom 
to remain substantially stationary relative to the 
non-isolated base frame. 

42. The method of claim 41 , wherein said bridge posi- 
tioning step comprises the steps of: 

detecting the position of the bridge relative to 
the non-isolated base frame; 
generating a control signal related to the de- 
tected bridge position; 

coupling the bridge to the non-isolated base 
frame with a first magnetic actuator; and 
applying the control signal to the magnetic ac- 
tuator. 



detecting the position of the optical relay rela- 
tive to the bridge; 

generating a control signal related to the de- 
tected optical relay position; coupling the opti- 
5 cal relay and the non-isolated base frame with 

a magnetic actuator; and 
applying the control signal to the magnetic ac- 
tuator. 

10 45. The method of claim 39, further comprising the 
steps of: 

connecting a waferstage focus backplatetothe 
bridge with flexured spacing rods; 

15 detecting the position of the wafer stage focus 

backplate relative to the bridge; 
generating a control signal related to the de- 
tected wafer stage focus backplate position; 
coupling the wafer stage focus backplate and 

20 the non-isolated base frame with a magnetic 

actuator; and 

applying the control signal to the magnetic ac- 
tuator. 

25 46. The method of claim 39, further comprising the step 
of: 

controlling the position of the at least one fram- 
ing blade. 

30 

47. The method of claim 46, wherein the at least one 
framing blade comprises a right framing blade and 
a left framing blade ; wherein said at least one fram- 
ing blade controlling step comprises the steps of: 

35 

detecting the position of the right framing blade; 
generating a first linear motor drive signal relat- 
ed to the detected right framing blade position; 
applying the first linear motor drive signal to a 
40 first linear motor to adjust the position of the 

right framing blade; 

detecting the position of the left framing blade; 
generating a second linear motor drive signal 
related to the detected left framing blade posi- 
45 tion; and 

applying the second linear motor drive signal to 
a second linear motor to adjust the position of 
the left framing blade. 
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43. The method of claim 39, further comprising the step 50 
of: 



positioning the optical relay in six degrees of 
freedom to remain substantially stationary rel- 
ative to the bridge. 55 

44. The method of claim 43, wherein said optical relay 
positioning step comprises the steps of: 
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